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Table B.1. 2S2P1D model and WLF equation constants obtained from cyclic tension-compression tests performed on different bituminous 

mixtures. 

Material Specimen 
2S2P1D model WLF Equation at 15°C 

E00 (MPa) E0 (MPa) ν0 ν00 δ k h β τE15°C (s) τν15°C (s) C1 C2 

E1525-5.1-0 

10 47 39 000 0.23 0.39 

2.28 

0.152 0.49 220 

0.77 77.5 31.6 213.7 1 47 40 000 0.24 0.39 

2 47 39 400 0.21 0.44 

E1525-5.8-1.25 
7 20 36 500 0.25 0.50 

2.20 0.83 333.1 33.1 213.8 
12 20 36 500 0.24 0.47 

E3550-4.4-0 
6 10 40 800 0.24 0.55 

2.00 

0.172 0.57 95 

0.10 73.5 

32.0 213.0 

11 15 41 600 0.27 0.47 

E3550-4.4-1.25 
1 11 40 800 0.26 0.47 

1.95 0.14 54.5 
4 11 41 100 0.26 0.54 

E3550-4.4-2.5 
2 70 41 500 0.27 0.45 

1.82 0.18 3.4 
1 55 42 000 0.23 0.51 

E3550-5.1-0 
1 19 38 800 0.26 0.50 

2.0 0.09 57.4 
2 25 38 700 0.26 0.50 

E3550-5.1-1.25 
8 9 38 400 0.27 0.56 

1.95 0.09 37.6 
12 10 39 300 0.25 0.58 

E3550-5.1-2.5 
2 18 40 300 0.25 0.50 

1.90 0.12 36.1 
4 42 39 000 0.22 0.53 

E3550-5.8-0 
4 20 37 700 0.27 0.51 

2.00 0.04 25.4 
12 18 36 700 0.27 0.60 

E3550-5.8-1.25 
10 18 36 400 0.29 0.51 

2.20 0.06 22.6 
6 9 35 400 0.25 0.58 

E3550-5.8-2.5 
1 9 37 600 0.23 0.49 

2.00 0.07 43.5 
4 12 38 600 0.24 0.63 

E3550M-5.1-1.25 
4 20 38 900 0.22 0.48 

2.40 0.142 0.45 3 000 0.04 20.5 33.1 215.2 
3 24 39 300 0.27 0.53 
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Material Specimen E00 (MPa) E0 (MPa) ν0 ν00 δ k h β τE15°C (s) τν15°C (s) C1 C2 

Ebip-5.1-1.25 
9 43 40 600 0.25 0.52 

2.05 0.166 0.55 1 000 0.09 50.3 33.8 209.0 
2 17 40 000 0.35 0.52 

Eort-5.1-1.25 
3 17 40 000 0.30 0.61 

1.79 0.178 0.53 9 000 0.002 0.2 32.0 215.4 
9 21 39 300 0.30 0.42 

M1 M1R1 180 42 000 0.19 0.49 2.00 0.230 0.50 400 0.04 - 27.1 187.4 

M2 M2U2 12 30 900 0.21 0.38 2.30 0.170 0.55 150 0.20 - 17.8 132.8 

A.0.15-25 - 13 37 200 0.22 0.48 2.50 0.165 0.51 680 2.90 19.0 41.6 249.9 

A.0.35-50 - 14 36 000 0.35 0.35 2.25 0.179 0.56 200 0.21 1.5 30.9 196.0 

A.20.35-50 - 16 37 250 0.47 0.47 2.40 0.173 0.54 300 0.30 10.0 31.7 198.8 

A.40.35-50 - 18 38 450 - - 2.54 0.168 0.51 480 2.10 - 32.0 196.1 

A.60.35-50 - 20 38 750 0.14 0.38 2.63 0.162 0.51 900 7.00 40.0 35.5 219.7 

A.0.70-100 - 13 38 600 0.20 0.51 2.15 0.179 0.54 300 0.018 0.1 36.9 237.0 

A.20.70-100 - 21 39 250 0.21 0.50 2.15 0.173 0.53 500 0.045 1.0 36.6 238.4 

A.60.70-100 - 17 39 500 0.20 0.47 2.62 0.162 0.50 1 400 2.00 15.0 38.8 239.9 

A.100.RAP - 23 39 100 - - 2.26 0.153 0.48 500 16.50 - 59.0 376.3 

HM 
C5P2M1 

50 
36 200 0.12 0.35 

2.10 0.165 0.51 100 

0.48 27.6 192.8 
C6P2M1 36 400 0.10 0.38 

HM30 
C2P2M2 

70 
37 500 0.14 0.38 

0.22 27.0 190.8 
C5P2M2 38 500 0.22 0.38 

WME0.4 
C2P2M3 

30 
35 200 0.12 0.35 

0.24 28.0 196.2 
C7P2M3  35 200 0.17 0.37 

WM30E0.4 
C2P2M4 

40 
34 500 0.12 0.32 

0.15 26.7 195.8 
C3P2M4 34 500 0.13 0.35 

WM30B0.4 
C3P2M5 

35 
34 900 0.11 0.41 

0.12 26.9 193.0 
C5P2M5 35 700 0.12 0.42 

WM50E0.4 
C2P2M6 

50 
35 200 0.18 0.38 

0.14 27.2 195.9 
C5P2M6 35 800 0.13 0.45 

WM50B0.4 
C2P2M7 

40 
35 200 0.15 0.38 

0.12 27.4 195.9 
C4P2M7 34 700 0.12 0.33 
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RESULTS FOR THE FLEXURAL MODE OF THE DISC 

 

 

Figure C.1. Influence of the LVE properties on the FRFs of the flexural mode of the disc: (a) 

norm of the complex modulus; (b) phase angle of the complex modulus; (c) norm of the 

complex Poisson’s ratio; (d) phase angle of the complex Poisson’s ratio. The constants not 

listed in each figure have the median value given in Table 4.4. 

 

Table C.1. Values of the RSD for the two first resonance frequencies and amplitudes for the 

flexural mode of the disc. The LVE property indicated in the left column varies while the other 

properties are set to their median values indicated in Table 4.4. 

LVE 

property 

RSD 1st 

frequency 

(%) 

RSD 1st 

amplitude 

(%) 

RSD 2nd 

frequency 

(%) 

RSD 2nd 

amplitude 

(%) 

RSD 3rd 

frequency 

(%) 

RSD 3rd 

amplitude 

(%) 

E 25.6 0.0 25.6 0.0 25.6 0.0 

ϕE 0.2 115.4 3.7 119.0 - - 

ν 3.9 3.4 4.0 5.6 3.6 15.8 

ϕν 0.0 4.8 0.0 4.6 0.0 5.1 
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RESULTS FOR THE TORSIONAL MODE OF THE STRAIGHT BEAM 

 

 

Figure C.2. Influence of the LVE properties on the FRFs of the torsional mode of the straight 

beam: (a) norm of the complex modulus; (b) phase angle of the complex modulus; (c) norm of 

the complex Poisson’s ratio; (d) phase angle of the complex Poisson’s ratio. The constants 

not listed in each figure have the median value given in Table 4.4. 

 

Table C.2. Values of the RSD for the two first resonance frequencies and amplitudes for the 

torsional mode of the straight beam. The LVE property indicated in the left column varies 

while the other properties are set to their median values indicated in Table 4.4. 

LVE 

property 

RSD 1st 

frequency 

(%) 

RSD 1st 

amplitude 

(%) 

RSD 2nd 

frequency 

(%) 

RSD 2nd 

amplitude 

(%) 

RSD 3rd 

frequency 

(%) 

RSD 3rd 

amplitude 

(%) 

E 25.7 0.1 25.5 0.0 25.6 0.0 

ϕE 0.6 112.3 1.1 114.2 - - 

ν 4.6 3.0 4.6 3.0 4.6 3.1 

ϕν 0.0 5.5 0.0 5.6 0.0 5.8 
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RELATIVE STANDARD DEVIATION (RSD) RESULTS FOR THE FLEXURAL MODE OF THE DISC 

 

 

Figure D.1. RSD in function of temperature for each of the ten constants of the 2S2P1D model for the flexural mode of the disc: (a) 1st resonance 

frequency; (b) 2nd resonance frequency; (c) 3rd resonance frequency; (d) 1st resonance amplitude; (e) 2nd resonance amplitude; (f) 3rd resonance 

amplitude. 
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RELATIVE STANDARD DEVIATION (RSD) RESULTS FOR THE TORSIONAL MODE OF THE STRAIGHT BEAM 

 

 

Figure D.2. RSD in function of temperature for each of the ten constants of the 2S2P1D model for the torsional mode of the straight beam: (a) 1st 

resonance frequency; (b) 2nd resonance frequency; (c) 3rd resonance frequency; (d) 1st resonance amplitude; (e) 2nd resonance amplitude; (f) 3rd 

resonance amplitude. 
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FREQUENCY RESPONSE FUNCTIONS RESULTS FOR THE LONGITUDINAL 

MODE OF THE CYLINDER 

 

 

Figure D.3. Influence of constant E0 of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.4. Influence of constant τE15°C of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.5. Influence of constant k of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.6. Influence of constant δ of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.7. Influence of constant h of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.8. Influence of constant β of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.9. Influence of constant E00 of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 

 

 

 

 



APPENDIX D - RESULTS OF THE PARAMETRIC ANALYSIS FOR THE 

CONSTANTS OF THE 2S2P1D MODEL 

-45- 

 

 

 

 

 

Figure D.10. Influence of constant ν0 of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.11. Influence of constant τν15°C of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.12. Influence of constant ν00 of the 2S2P1D model on the FRFs of the longitudinal 

mode of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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FREQUENCY RESPONSE FUNCTIONS RESULTS FOR THE FLEXURAL MODE 

OF THE DISC 

 

 

Figure D.13. Influence of constant E0 of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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Figure D.14. Influence of constant τE15°C of the 2S2P1D model on the FRFs of the flexural 

mode of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed 

in each figure have the median value given in Table 4.6. 
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Figure D.15. Influence of constant k of the 2S2P1D model on the FRFs of the flexural mode of 

the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in each 

figure have the median value given in Table 4.6. 

 

 

 

 



APPENDIX D - RESULTS OF THE PARAMETRIC ANALYSIS FOR THE 

CONSTANTS OF THE 2S2P1D MODEL 

-51- 

 

 

 

 

 

Figure D.16. Influence of constant δ of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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Figure D.17. Influence of constant h of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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Figure D.18. Influence of constant β of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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Figure D.19. Influence of constant E00 of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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Figure D.20. Influence of constant ν0 of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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Figure D.21. Influence of constant τν15°C of the 2S2P1D model on the FRFs of the flexural 

mode of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed 

in each figure have the median value given in Table 4.6. 
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Figure D.22. Influence of constant ν00 of the 2S2P1D model on the FRFs of the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not listed in 

each figure have the median value given in Table 4.6. 
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FREQUENCY RESPONSE FUNCTIONS RESULTS FOR THE TORSIONAL MODE 

OF THE STRAIGHT BEAM 

 

 

Figure D.23. Influence of constant E0 of the 2S2P1D model on the FRFs of the torsional mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.24. Influence of constant τE15°C of the 2S2P1D model on the FRFs of the torsional 

mode of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants 

not listed in each figure have the median value given in Table 4.6. 
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Figure D.25. Influence of constant k of the 2S2P1D model on the FRFs of the torsional mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.26. Influence of constant δ of the 2S2P1D model on the FRFs of the torsional mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.27. Influence of constant h of the 2S2P1D model on the FRFs of the torsional mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.28. Influence of constant β of the 2S2P1D model on the FRFs of the torsional mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.29. Influence of constant E00 of the 2S2P1D model on the FRFs of the torsional 

mode of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants 

not listed in each figure have the median value given in Table 4.6. 
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Figure D.30. Influence of constant ν0 of the 2S2P1D model on the FRFs of the torsional mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants not 

listed in each figure have the median value given in Table 4.6. 
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Figure D.31. Influence of constant τν15°C of the 2S2P1D model on the FRFs of the torsional 

mode of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants 

not listed in each figure have the median value given in Table 4.6. 
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Figure D.32. Influence of constant ν00 of the 2S2P1D model on the FRFs of the torsional 

mode of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. The constants 

not listed in each figure have the median value given in Table 4.6. 
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FREQUENCY RESPONSE FUNCTIONS RESULTS 

 

 

 

Figure E.1. Comparison of the reference FRFs (noted Ref. FRF) with the global LVE FRFs 

(noted G.LVE.FRF) for method II. Values of the reference FRFs at the frequencies where the 

optimization is performed (noted Opt. Points) are also plotted. Results for the longitudinal 

and flexural modes of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. 
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Figure E.2. Comparison of the reference FRFs (noted Ref. FRF) with the global LVE FRFs 

(noted G.LVE.FRF) for method II. Values of the reference FRFs at the frequencies where the 

optimization is performed (noted Opt. Points) are also plotted. Results for the flexural mode 

of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. 
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Figure E.3. Comparison of the reference FRFs (noted Ref. FRF) with the global LVE FRFs 

(noted G.LVE.FRF) for method II. Values of the reference FRFs at the frequencies where the 

optimization is performed (noted Opt. Points) are also plotted. Results for the longitudinal 

mode of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. 

 

 

 



APPENDIX E - RESULTS OF METHOD II FOR THE REFERENCE MATERIAL 

-72- 

 

FREQUENCY USED FOR THE COMPARISON OF THE VALUES OF THE 

COMPLEX MODULUS 

 

Table E.1. Frequencies selected for the comparison of the values of the complex modulus at 

each temperature for the longitudinal mode of the cylinder. 

Temperature (°C) Frequencies (Hz) 

-20 10 000 12 000 14 000 16 000 18 000 20 000 

0 10 000 12 000 14 000 16 000 18 000 20 000 

15 8 000 10 000 12 000 14 000 16 000 18 000 

35 6 000 8 000 10 000 12 000 14 000 16 000 

50 4 000 6 000 8 000 10 000 12 000 14 000 

 

Table E.2. Frequencies selected for the comparison of the values of the complex modulus at 

each temperature for the longitudinal and flexural modes of the cylinder. 

Temperature (°C) Frequencies (Hz) 

-20 10 000 12 000 14 000 16 000 18 000 20 000 

0 10 000 12 000 14 000 16 000 18 000 20 000 

15 8 000 10 000 12 000 14 000 16 000 18 000 

35 6 000 8 000 10 000 12 000 14 000 16 000 

50 4 000 6 000 8 000 10 000 12 000 14 000 

 

Table E.3. Frequencies selected for the comparison of the values of the complex modulus at 

each temperature for the longitudinal mode of the straight beam. 

Temperature (°C) Frequencies (Hz) 

-20 10 000 12 000 14 000 16 000 18 000 20 000 

0 10 000 12 000 14 000 16 000 18 000 20 000 

15 8 000 10 000 12 000 14 000 16 000 18 000 

35 6 000 8 000 10 000 12 000 14 000 16 000 

50 4 000 6 000 8 000 10 000 12 000 14 000 

 

Table E.4. Frequencies selected for the comparison of the values of the complex modulus at 

each temperature for the flexural mode of the disc. 

Temperature (°C) Frequencies (Hz) 

-20 10 000 12 000 14 000 16 000 18 000 20 000 

0 10 000 12 000 14 000 16 000 18 000 20 000 

15 8 000 10 000 12 000 14 000 16 000 18 000 

35 6 000 8 000 10 000 12 000 14 000 16 000 

50 4 000 6 000 8 000 10 000 12 000 14 000 
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COMPLEX MODULUS RESULTS 

 

 

 

 

 

Figure E.4. Comparison of the values of the complex modulus determined with method II 

(E*
Dyn2) with the values of the complex modulus of the reference LVE material (E*

Ref). (a) 

Cole-Cole plot; (b) and (c) master curves of the norm and of the phase angle of the complex 

modulus at 15°C. Results for the longitudinal and flexural modes of the cylinder. 
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Figure E.5. Comparison of the values of the complex modulus determined with method II 

(E*
Dyn2) with the values of the complex modulus of the reference LVE material (E*

Ref). (a) 

Cole-Cole plot; (b) and (c) master curves of the norm and of the phase angle of the complex 

modulus at 15°C. Results for the flexural mode of the disc. 
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Figure E.6. Comparison of the values of the complex modulus determined with method II 

(E*
Dyn2) with the values of the complex modulus of the reference LVE material (E*

Ref). (a) 

Cole-Cole plot; (b) and (c) master curves of the norm and of the phase angle of the complex 

modulus at 15°C. Results for the longitudinal mode of the straight beam. 
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FINAL VALUES OF THE CONSTANTS OPTIMIZED AT EACH TEMPERATURE 

 

 

 

Table F.1. Final values of the four constants E0, τE15°C, k and δ of the 2S2P1D model that are 

identified at each temperature in the first step of method III for the longitudinal and flexural 

modes of the cylinder. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20 35 100 0.600 0.154 2.20 

0 36 773 0.875 0.137 2.35 

15 33 604 0.164 0.187 2.44 

35 33 076 0.153 0.186 2.34 

50 31 610 0.123 0.182 1.96 

 

Table F.2. Final values of the four constants E0, τE15°C, k and δ of the 2S2P1D model that are 

identified at each temperature in the first step of method III for the flexural mode of the disc. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20 35 396 6.820 0.136 2.21 

0 36 874 1.430 0.135 2.50 

15 33 156 0.063 0.189 1.95 

35 31 265 0.128 0.189 1.93 

50 33 409 0.090 0.140 1.95 

 

Table F.3. Final values of the four constants E0, τE15°C, k and δ of the 2S2P1D model that are 

identified at each temperature in the first step of method III for the longitudinal mode of the 

straight beam. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20 35 402 4.526 0.136 2.09 

0 34 302 0.078 0.189 2.38 

15 39 351 0.141 0.140 2.39 

35 33 069 0.176 0.189 2.37 

50 32 959 0.092 0.140 1.94 
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FREQUENCY RESPONSE FUNCTIONS RESULTS 

 

 

 

Figure F.1. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for method III. 

Values of the reference FRFs at the frequencies where the optimization is performed (noted 

Opt. Points) are also plotted. Longitudinal and flexural modes of the cylinder at: (a) -20°C; 

(b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. 
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Figure F.2. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for method III. 

Values of the reference FRFs at the frequencies where the optimization is performed (noted 

Opt. Points) are also plotted. Flexural mode of the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 

35°C; (e) 50°C.  
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Figure F.3. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for method III. 

Values of the reference FRFs at the frequencies where the optimization is performed (noted 

Opt. Points) are also plotted. Longitudinal mode of the straight beam at: (a) -20°C; (b) 0°C; 

(c) 15°C; (d) 35°C; (e) 50°C.  
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COMPLEX MODULUS RESULTS 

 

 

 

 

 

 

Figure F.4. Comparison of the values of the complex modulus determined with method III 

(E*
BC3 and E*

Dyn3) with the values of the complex modulus of the reference LVE material 

(E*
Ref). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase angle of the 

complex modulus at 15°C. Results for the longitudinal and flexural modes of the cylinder. 
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Figure F.5. Comparison of the values of the complex modulus determined with method III 

(E*
BC3 and E*

Dyn3) with the values of the complex modulus of the reference LVE material 

(E*
Ref). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase angle of the 

complex modulus at 15°C. Results for the flexural mode of the disc. 
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Figure F.6. Comparison of the values of the complex modulus determined with methods III 

(E*
BC3 and E*

Dyn3) and IV (E*
BC4 and E*

Dyn4) with the values of the complex modulus of the 

reference LVE material (E*
Ref). (a) Cole-Cole plot; (b) and (c) master curves of the norm and 

of the phase angle of the complex modulus at 15°C. Results for the longitudinal mode of the 

straight beam. 
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FINAL VALUES OF THE CONSTANTS OPTIMIZED AT EACH TEMPERATURE 

 

Table G.1. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined in the first 

step of method IV for the longitudinal mode of the cylinder. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20 11 620 33 900 0.68 

0 10 880 29 750 2.6 

15 9 740 23 800 5.4 

35 7 360 13 500 12.7 

50 4 880 5 720 25.9 

 

Table G.2. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined in the first 

step of method IV for the longitudinal and flexural modes of the cylinder. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20 6 380 33 700 0.72 

0 5 940 29 150 2.7 

15 5 280 22 750 5.7 

35 3 760 11 800 13.8 

50 2 280 3 950 26.0 

 

Table G.3. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined in the first 

step of method IV for the flexural mode of the disc. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20 9 280 35 960 0.74 

0 8 600 31 050 2.8 

15 7 660 24 250 5.8 

35 5 580 13 000 13.9 

50 3 620 5 000 28.0 

 

Table G.4. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined in the first 

step of method IV for the longitudinal mode of the straight beam. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20 6 220 33 460 0.74 

0 5 800 29 000 2.8 

15 5 160 22 800 5.7 

35 3 800 12 300 14.1 

50 2 280 4 550 28.6 
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FREQUENCY RESPONSE FUNCTIONS RESULTS 

 

 

 

Figure G.1. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) for method IV. Values of the reference FRFs at the frequencies 

where the optimization is performed (noted Opt. Points) are also plotted. Longitudinal and 

flexural modes of the cylinder at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. 
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Figure G.2. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) for method IV. Values of the reference FRFs at the frequencies 

where the optimization is performed (noted Opt. Points) are also plotted. Flexural mode of 

the disc at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C.  
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Figure G.3. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for method IV. 

Values of the reference FRFs at the frequencies where the optimization is performed (noted 

Opt. Points) are also plotted. Longitudinal mode of the straight beam at: (a) -20°C; (b) 0°C; 

(c) 15°C; (d) 35°C; (e) 50°C.  
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COMPLEX MODULUS RESULTS 

 

 

 

 

 

 

Figure G.4. Comparison of the values of the complex modulus of the reference LVE material 

with the values of the complex modulus back-calculated at each temperature (step 1) and the 

values of the complex modulus simulating the global LVE behaviour (step 2) for the third and 

fourth methods. Longitudinal mode of the straight beam: (a) Cole-Cole plot; (b) and (c) 

master curves of the norm and of the phase angle of the complex modulus at 15°C. 
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FINAL VALUES OF THE CONSTANTS OPTIMIZED AT EACH TEMPERATURE 

 

 

Table H.1. Final values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of 

the Poisson’s ratio ν that are identified at each temperature in the first step of the method V 

for the longitudinal mode of the cylinder. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20 35 171 0.342 0.153 1.95 0.195 

0 36 351 0.124 0.144 1.89 0.213 

15 33 728 0.187 0.188 2.54 0.247 

35 38 505 0.108 0.171 2.60 0.311 

50 39 102 0.101 0.200 2.54 0.363 

 

 

Table H.2. Final values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of 

the Poisson’s ratio ν that are identified at each temperature in the first step of the method V 

for the longitudinal mode of the straight beam. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20 35 313 2.337 0.144 2.25 0.195 

0 34 334 0.077 0.190 2.42 0.213 

15 39 418 0.132 0.141 2.41 0.241 

35 40 493 0.068 0.152 2.43 0.308 

50 32 531 0.103 0.149 1.95 0.366 
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FREQUENCY RESPONSE FUNCTIONS RESULTS 

 

 

 

Figure H.1. Comparison of the reference FRFs (noted Ref. FRF) with the FRFs after 

optimization (noted FRF A.O) for method V. Values of the reference FRFs at the frequencies 

where the optimization is performed (noted Opt. Points) are also plotted. Longitudinal mode 

of the straight beam at: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; (e) 50°C. 
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COMPLEX MODULUS RESULTS 

 

 

 

 

 

Figure H.2. Comparison of the values of the complex modulus determined with methods III 

(E*
BC3 and E*

Dyn3) and V (E*
BC5 and E*

Dyn5) with the values of the complex modulus of the 

reference LVE material (E*
Ref). (a) Cole-Cole plot; (b) and (c) master curves of the norm and 

of the phase angle of the complex modulus at 15°C. Results for the longitudinal mode of the 

straight beam. 
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COMPLEX POISSON’S RATIO RESULTS 

 

 

 

 

 

Figure H.3. Comparison of the values of the complex Poisson’s ratio determined with 

methods V (real values νBC5 and ν*
Dyn5) with the values of the complex Poisson’s ratio of the 

reference LVE material (ν*
Ref). (a) Cole-Cole plot; (b) and (c) master curves of the norm and 

of the phase angle of the complex modulus at 15°C. Results for the longitudinal mode of the 

straight beam.
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DETAILS AND GRADING CURVE OF THE SWEDISH BASE COURSE MIXTURE 

(ABS MATERIAL) 

 



APPENDIX I – DETAILS OF THE MATERIALS TESTED IN THE EXPERIMENTAL 

CAMPAIGNS 

-97- 

 

DETAILS AND GRADING CURVE OF THE MATERIAL WITH AN OPTIMIZED 

GRANULAR SKELETON (GB5 MATERIAL) 
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GRADING CURVE AND FABRICATION PROCESS OF THE MATERIAL WITH 

HIGH RECLAIMED ASPHALT CONTENT (WF MATERIAL) 

 

 

Figure I.1. Grading curves of the original mixture (BBSG 0/10) and of the RAP aggregates 

incorporated in the WF material. 

 

 

Figure I.2. In-laboratory fabrication process of the WF material from the RAP, the original 

mixture (BBSG 0/10) and the 160/220 bitumen. 
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DETAILS AND GRADING CURVE OF THE MATERIALS FROM AIRPORT 

PAVEMENT (GB AND BB MATERIALS) 
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SPECIMEN ABS-D9 

 

 

 

Figure J.1 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

ABS-D9. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-18.3°C; (b) -0.5°C; (c) 13.8°C; (d) 

30.1°C; (e) 39.9°C. 
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Table J.1. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen ABD-D9. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-18.3 48 047 3.5E-05 0.106 1.12 

-0.5 48 047 2.9E-04 0.106 1.12 

13.8 41 763 1.1E-02 0.195 2.06 

30.1 48 863 1.4E-02 0.193 1.98 

39.9 49 942 2.4E-02 0.175 1.80 

 

 

 

Figure J.2 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen ABS-D9. 

 

 

 

 

 



APPENDIX J – RESULTS OF THE FSDYN PROJECT EXPERIMETAL CAMPAIGN 

-105- 

 

SPECIMEN ABS-D10 

 

 

 

Figure J.3 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

ABS-D10. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-18.8°C; (b) -0.7°C; (c) 15.2°C; (d) 

29.2°C; (e) 39.9°C. 
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Table J.2. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen ABD-D10. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-18.8 40 620 3.5E-03 0.168 2.17 

-0.7 41 609 2.2E-02 0.161 2.18 

15.2 49 995 2.9E-03 0.159 1.81 

29.2 47 904 1.1E-02 0.188 1.88 

39.9 49 709 2.0E-02 0.193 1.82 

 

 

 

Figure J.4 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen ABS-D10. 
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SPECIMEN GB5-D1 

 

 

 

Figure J.5 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB5-D1. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-20.6°C; (b) -0.3°C; (c) 14.7°C; (d) 

34.9°C; (e) 49.7°C. 
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Table J.3. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB5-D1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.6 39 198 3.0E-01 0.146 2.38 

-0.3 37 650 2.9E+00 0.146 2.15 

14.7 37 404 4.8E-01 0.166 1.98 

34.9 40 406 4.8E-01 0.162 2.10 

49.7 43 962 4.1E-01 0.167 2.17 

 

 

 

Figure J.6 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB5-D1. 
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SPECIMEN GB5-D3 

 

 

 

Figure J.7 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) for specimen GB5-D3. Values of the experimental FRFs at the 

frequencies where the optimization is performed (noted Opt. Points) are also plotted. (a) T=-

20.5°C; (b) -0.2°C; (c) 15.1°C; (d) 34.9°C; (e) 49.9°C. 
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Table J.4. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB5-D3. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.5 46 259 3.0E-03 0.126 2.32 

-0.2 44 306 8.8E-02 0.150 2.23 

15.1 42 253 1.9E-01 0.164 2.17 

34.9 42 506 2.0E+00 0.171 2.28 

49.9 49 996 4.1E-01 0.185 1.81 

 

 

 

Figure J.8 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB5-D3. 
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SPECIMEN GB5-C1 (1st ROUND OF DYNAMIC TESTS) 

 

 

Table J.5. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 1st round of dynamic tests at each temperature in the 

first step of method V for specimen GB5-C1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20.3 43 216 2.9E-01 0.163 2.24 0.330 

-0.2 42 485 1.7E+00 0.146 1.85 0.339 

14.8 39 651 7.3E-01 0.182 2.15 0.325 

35.2 48 726 6.1E-01 0.159 2.52 0.496 

49.4 49 992 4.0E-01 0.128 1.95 0.460 

 

 

 

Figure J.9 Comparison of the values of the complex modulus determined from the 1st round of 

dynamic tests with method V (E*
BC5 and E*

Dyn5) with the values of the complex modulus 

determined from cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and (c) master curves 

of the norm and of the phase angle of the complex modulus at 15°C. Results for specimen 

GB5-C1. 
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Figure J.10 Comparison of the values of the complex Poisson’s ratio determined from the 1st 

round of dynamic tests with method V (real values νBC5 and ν*
Dyn5) with the values of the 

complex Poisson’s ratio determined from cyclic test (ν*
ExpTC and ν*

TC). (a) Cole-Cole plot; (b) 

and (c) master curves of the norm and of the phase angle of the complex Poisson’s ratio at 

15°C. Results for specimen GB5-C1. 
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SPECIMEN GB5-C1 (2nd ROUND OF DYNAMIC TESTS) 

Table J.6. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 2nd round of dynamic tests at each temperature in the 

first step of method V for specimen GB5-C1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20.8 44 306 4.1E-01 0.155 1.95 0.330 

-0.2 41 920 2.2E+00 0.168 2.24 0.327 

14.9 43 139 4.5E-01 0.154 1.85 0.336 

34.1 43 812 2.1E-01 0.165 1.68 0.425 

48.7 47 335 8.1E-01 0.205 2.55 0.490 

 

Figure J.11 Comparison of the experimental FRFs measured at the end of the project (noted 

Exp. FRF) with the FRFs after optimization (noted FRF A.O) and the global LVE FRFs 

(noted G.LVE FRF) for specimen GB5-C1. Values of the experimental FRFs at the 

frequencies where the optimization is performed (noted Opt. Points) are also plotted. (a) T=-

20.8°C; (b) -0.2°C; (c) 14.9°C; (d) 34.1°C; (e) 48.7°C. 
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SPECIMEN GB5-C2 (1st ROUND OF DYNAMIC TESTS) 

 

 

 

Figure J.12 Comparison of the experimental FRFs measured at the beginning of the project 

(noted Exp. FRF) with the FRFs after optimization (noted FRF A.O) and the global LVE 

FRFs (noted G.LVE FRF) for specimen GB5-C2. Values of the experimental FRFs at the 

frequencies where the optimization is performed (noted Opt. Points) are also plotted. (a) T=-

20.1°C; (b) -0.7°C; (c) 15.1°C; (d) 34.8°C; (e) 49.7°C. 
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Table J.7. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 1st round of dynamic tests at each temperature in the 

first step of method V for specimen GB5-C2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20.1 40 535 8.3E-01 0.153 2.40 0.283 

-0.7 38 520 3.0E-01 0.176 2.15 0.280 

15.1 39 967 5.5E-01 0.149 2.04 0.257 

34.8 35 779 6.4E-02 0.137 0.89 0.255 

49.7 49 069 3.0E-01 0.157 1.97 0.294 

 

 

 

Figure J.13 Comparison of the values of the complex modulus determined from the 1st round 

of dynamic tests with method V (E*
BC5 and E*

Dyn5) with the values of the complex modulus 

determined from cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and (c) master curves 

of the norm and of the phase angle of the complex modulus at 15°C. Results for specimen 

GB5-C2. 
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Figure J.14 Comparison of the values of the complex Poisson’s ratio determined from the 1st 

round of dynamic tests with method V (real values νBC5 and ν*
Dyn5) with the values of the 

complex Poisson’s ratio determined from cyclic test (ν*
ExpTC and ν*

TC). (a) Cole-Cole plot; (b) 

and (c) master curves of the norm and of the phase angle of the complex Poisson’s ratio at 

15°C. Results for specimen GB5-C2. 
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SPECIMEN GB5-C2 (2nd ROUND OF DYNAMIC TESTS) 

 

 

 

Figure J.15 Comparison of the experimental FRFs measured at the end of the project (noted 

Exp. FRF) with the FRFs after optimization (noted FRF A.O) and the global LVE FRFs 

(noted G.LVE FRF) for specimen GB5-C2. Values of the experimental FRFs at the 

frequencies where the optimization is performed (noted Opt. Points) are also plotted. (a) T=-

21.2°C; (b) -0.4°C; (c) 15.1°C; (d) 34.8°C; (e) 48.9°C. 
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Table J.8. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 2nd round of dynamic tests at each temperature in the 

first step of method V for specimen GB5-C2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-21.2 40 891 1.2E-01 0.177 2.39 0.282 

-0.4 38 431 4.8E-01 0.201 2.34 0.283 

15.1 39 093 7.0E-01 0.171 2.08 0.289 

34.3 45 300 6.0E-01 0.162 2.46 0.295 

48.9 47 511 5.6E-01 0.171 2.43 0.240 

 

 

 

Figure J.16 Comparison of the values of the complex modulus determined from the 2nd round 

of dynamic tests with method V (E*
BC5 and E*

Dyn5) with the values of the complex modulus 

determined from cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and (c) master curves 

of the norm and of the phase angle of the complex modulus at 15°C. Results for specimen 

GB5-C2. 
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Figure J.17 Comparison of the values of the complex Poisson’s ratio determined from the 2nd 

round of dynamic tests with method V (real values νBC5 and ν*
Dyn5) with the values of the 

complex Poisson’s ratio determined from cyclic test (ν*
ExpTC and ν*

TC). (a) Cole-Cole plot; (b) 

and (c) master curves of the norm and of the phase angle of the complex Poisson’s ratio at 

15°C. Results for specimen GB5-C2. 
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COMPARISON OF THE FRFS MEASURED AT THE BEGINNING AND AT THE 

END OF THE FSDYN PROJECT FOR SPECIMENS GB5-C1 AND GB5-C2 

 

 

 

Figure J.18 FRFs measured at the beginning (1st dynamic test) and at the end (2nd dynamic 

test) of the FSDyn project for the specimen GB5-C1: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; 

(e) 50°C. 
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Figure J.19 FRFs measured at the beginning (1st dynamic test) and at the end (2nd dynamic 

test) of the FSDyn project for the specimen GB5-C1: (a) -20°C; (b) 0°C; (c) 15°C; (d) 35°C; 

(e) 50°C. 
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SPECIMEN GB5-B2 

 

 

 

Figure J.20 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB5-B2. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-20.2°C; (b) -0.5°C; (c) 15.1°C; (d) 

34.9°C; (e) 49.6°C. 
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Table J.9. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB5-B2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.2 42 986 2.7E-01 0.165 2.38 

-0.5 44 046 4.9E+00 0.121 1.77 

15.1 41 397 5.0E-01 0.176 2.10 

34.9 45 732 3.2E-01 0.178 2.13 

49.6 48 196 5.1E-01 0.185 2.02 

 

 

 

Figure J.21 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB5-B2. 
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SPECIMEN GB5-B4 

 

 

 

Figure J.22 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB5-B4. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-19.7°C; (b) -0.5°C; (c) 15.4°C; (d) 

34.6°C; (e) 49.3°C. 
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Table J.10. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB5-B4. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-19.7 42 770 2.8E-01 0.169 2.52 

-0.5 41 967 1.1E+00 0.161 2.15 

15.4 41 623 4.5E-01 0.180 2.21 

34.6 46 557 2.8E-01 0.185 2.15 

49.3 49 282 2.9E-01 0.161 1.74 

 

 

 

Figure J.23 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB5-B4. 
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Table K.1. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen ABS-P4. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.8 42 362 6.3E-02 0.169 2.09 

0.2 43 229 5.3E-02 0.164 2.29 

14.5 44 929 2.8E-03 0.177 1.77 

29.2 48 859 7.9E-03 0.229 2.58 

39.1 46 506 7.2E-03 0.230 1.42 

 

Figure K.1 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

ABS-P4. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-20.8°C; (b) 0.2°C; (c) 14.5°C; (d) 

29.2°C; (e) 39.1°C. 
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SPECIMEN GB5-C3 

Table L.1. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined from 

dynamic tests at each temperature in the first step of method IV for specimen GB5-C3. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20.6 12 994 37 870 0.59 

0 12 244 33 500 1.7 

14.5 11 277 28 250 3.9 

34 9 296 19 050 10.2 

48.5 7 113 11 200 19.3 

 

Figure L.1 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method IV for specimen GB5-C3. (a) T=-20.6°C; (b) 0°C; (c) 14.5°C; (d) 34°C; (e) 48.5°C. 
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Table L.2. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB5-C3. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.6 38 781 2.8E-01 0.163 1.91 

0 37 452 3.1E+00 0.152 1.98 

14.5 40 936 2.4E+00 0.131 2.30 

34 42 223 2.2E-01 0.157 2.06 

48.5 39 521 4.3E-01 0.189 2.07 

 

Figure L.2 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method III for specimen GB5-C3. Values of the experimental FRFs at the frequencies where 

the optimization is performed (noted Opt. Points) are also plotted. (a) T=-20.6°C; (b) 0°C; 

(c) 14.5°C; (d) 34°C; (e) 48.5°C. 
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SPECIMEN GB5-C4 

Table L.3. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined from 

dynamic tests at each temperature in the first step of method IV for specimen GB5-C3. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20.8 13 200 39 040 0.57 

-0.3 12 462 34 700 1.6 

14.4 11 531 29 500 3.7 

34 9 635 20 300 9.5 

49 7 622 12 600 18.6 

 

Figure L.3 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method IV for specimen GB5-C4. (a) T=-20.8°C; (b) -0.3°C; (c) 14.4°C; (d) 34°C; (e) 49°C. 
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Table L.4. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB5-C4. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.8 40 049 1.4E+00 0.152 2.00 

-0.3 38 781 2.5E+00 0.140 1.56 

14.4 37 481 9.7E-01 0.171 2.02 

34 42 749 3.5E-01 0.157 2.07 

49 42 778 5.2E-01 0.187 2.01 

 

Figure L.4 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method III for specimen GB5-C4. Values of the experimental FRFs at the frequencies where 

the optimization is performed (noted Opt. Points) are also plotted. (a) T=-20.8°C; (b) -0.3°C; 

(c) 14.4°C; (d) 34°C; (e) 49°C. 
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Figure L.5 Comparison of the values of the complex modulus determined from dynamic tests 

with method III (E*
BC3 and E*

Dyn3) and method IV (E*
BC4 and E*

Dyn4) with the values of the 

complex modulus determined from cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and 

(c) master curves of the norm and of the phase angle of the complex modulus at 15°C. Results 

for specimen GB5-C4. 
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SPECIMEN WF-4 

Table M.1. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined from 

dynamic tests at each temperature in the first step of method IV for specimen WF-4. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-20.7 15 193 34 878 0.62 

-0.1 14 239 30 637 1.8 

15.3 12 804 24 763 4.7 

34.2 10 342 15 955 11.7 

48.5 7 888 8 991 22.5 

 

Figure M.1 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method IV for specimen WF-4. (a) T=-20.7°C; (b) -0.1°C; (c) 15.3°C; (d) 34.2°C; (e) 48.5°C. 
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Table M.2. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 2nd round of dynamic tests at each temperature in the 

first step of method V for specimen WF-4. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20.7 34 741 1.2E-01 0.171 2.17 0.111 

-0.1 32 752 1.4E+00 0.170 2.37 0.091 

15.3 33 800 1.2E-01 0.172 1.90 0.198 

34.2 33 400 1.5E-01 0.192 2.00 0.280 

48.5 37 300 1.5E-01 0.192 2.00 0.280 

 

Figure M.2 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method V for specimen WF-4. Values of the experimental FRFs at the frequencies where the 

optimization is performed (noted Opt. Points) are also plotted. (a) T=-20.7°C; (b) -0.1°C; (c) 

15.3°C; (d) 34.2°C; (e) 48.5°C. 
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Figure M.3 Comparison of the values of the complex modulus back-calculated from dynamic 

tests at each temperature with methods III (E*
BC3), IV (E*

BC4) and V (E*
BC5). Results for 

specimen WF-4. 

 

 

Figure M.4 Comparison of the values of the complex modulus determined from dynamic tests 

with method IV (E*
BC4 and E*

Dyn4) and method V (E*
BC5 and E*

Dyn5) with the values of the 

complex modulus determined from cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and 

(c) master curves of the norm and of the phase angle of the complex modulus at 15°C. Results 

for specimen WF-4. 
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Figure M.5 Comparison of the values of the complex Poisson’s ratio determined from 

dynamic tests with method V (real values νBC5 and ν*
Dyn5) with the values of the complex 

Poisson’s ratio determined from cyclic test (ν*
ExpTC and ν*

TC). (a) Cole-Cole plot; (b) and (c) 

master curves of the norm and of the phase angle of the complex Poisson’s ratio at 15°C. 

Results for specimen WF-4. 
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SPECIMEN WF-6 

Table M.3. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined from 

dynamic tests at each temperature in the first step of method IV for specimen WF-6. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-21.1 15 696 38 037 0.61 

-0.3 14 739 33 545 1.8 

14.9 13 326 27 412 4.6 

34.3 10 688 17 590 11.8 

48.8 8 180 10 051 22.2 

 

Figure M.6 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method IV for specimen WF-6. (a) T=-21.1°C; (b) -0.3°C; (c) 14.9°C; (d) 34.3°C; (e) 48.8°C. 
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Table M.4. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 2nd round of dynamic tests at each temperature in the 

first step of method V for specimen WF-6. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-21.1 38 995 1.2E-01 0.168 2.37 0.238 

-0.3 37 850 7.5E-01 0.149 1.81 0.237 

14.9 41 200 3.2E-01 0.143 2.31 0.243 

34.3 40 000 1.3E-01 0.185 2.15 0.280 

48.8 40 000 1.6E-01 0.184 1.78 0.360 

 

Figure M.7 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method V for specimen WF-6. Values of the experimental FRFs at the frequencies where the 

optimization is performed (noted Opt. Points) are also plotted. (a) T=-21.1°C; (b) -0.3°C; (c) 

14.9°C; (d) 34.3°C; (e) 48.8°C. 
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Figure M.8 Comparison of the values of the complex modulus back-calculated from dynamic 

tests at each temperature with methods III (E*
BC3), IV (E*

BC4) and V (E*
BC5). Results for 

specimen WF-6. 

 

 

Figure M.9 Comparison of the values of the complex modulus determined from dynamic tests 

with method IV (E*
BC4 and E*

Dyn4) and method V (E*
BC5 and E*

Dyn5) with the values of the 

complex modulus determined from cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and 

(c) master curves of the norm and of the phase angle of the complex modulus at 15°C. Results 

for specimen WF-6. 
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Figure M.10 Comparison of the values of the complex Poisson’s ratio determined from 

dynamic tests with method V (real values νBC5 and ν*
Dyn5) with the values of the complex 

Poisson’s ratio determined from cyclic test (ν*
ExpTC and ν*

TC). (a) Cole-Cole plot; (b) and (c) 

master curves of the norm and of the phase angle of the complex Poisson’s ratio at 15°C. 

Results for specimen WF-6. 
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SPECIMEN WF-8 

Table M.5. First resonance frequency and values of |E*
BC4| and ϕE*BC4 determined from 

dynamic tests at each temperature in the first step of method IV for specimen WF-8. 

Temperature (°C) 
1st resonance 

frequency (Hz) 
|E*

BC4| (MPa) ϕE*BC4 (°) 

-21 15 468 37 217 0.61 

-0.3 14 519 32 793 1.8 

15 13 071 26 567 4.8 

34.2 10 517 17 153 11.8 

48.7 7 990 9 498 22.5 

 

Figure M.11 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method IV for specimen WF-8. (a) T=-21°C; (b) -0.3°C; (c) 15°C; (d) 34.2°C; (e) 48.7°C. 
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Table M.6. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from the 2nd round of dynamic tests at each temperature in the 

first step of method V for specimen WF-8. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-21 37 344 4.5E-02 0.188 2.40 0.205 

-0.3 35 613 4.5E-01 0.188 2.39 0.184 

15 36 558 2.5E-01 0.174 2.31 0.210 

34.2 37 158 1.1E-01 0.183 1.94 0.240 

48.7 37 762 1.7E-01 0.199 1.84 0.300 

 

Figure M.12 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) obtained with 

method V for specimen WF-8. Values of the experimental FRFs at the frequencies where the 

optimization is performed (noted Opt. Points) are also plotted. (a) T=-21°C; (b) -0.3°C; (c) 

15°C; (d) 34.2°C; (e) 48.7°C. 
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SPECIMEN GB-L-1 

 

 

 

Figure N.1 Comparison of the experimental FRFs measured at the end of the project (noted 

Exp. FRF) with the FRFs after optimization (noted FRF A.O) and the global LVE FRFs 

(noted G.LVE FRF) for specimen GB-L-1. Values of the experimental FRFs at the frequencies 

where the optimization is performed (noted Opt. Points) are also plotted. (a) T=-20.8°C; (b) -

0.5°C; (c) 15.5°C; (d) 34.3°C; (e) 48.8°C. 
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Table N.1. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from dynamic tests at each temperature in the first step of 

method V for specimen GB-L-1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20.8 39 259 3.8E-03 0.191 1.92 0.301 

-0.5 37 840 2.9E+00 0.142 2.18 0.327 

15.5 41 459 9.0E-02 0.137 1.71 0.333 

34.3 41 650 1.7E-01 0.178 2.04 0.385 

48.8 41 549 2.6E-01 0.207 1.87 0.497 

 

 

 

Figure N.2 Comparison of the values of the complex modulus determined from dynamic tests 

with method V (E*
BC5 and E*

Dyn5) with the values of the complex modulus determined from 

cyclic tests (E*
ExpTC and E*

TC). (a) Cole-Cole plot; (b) and (c) master curves of the norm and 

of the phase angle of the complex modulus at 15°C. Results for specimen GB-L-1. 
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Figure N.3 Comparison of the values of the complex Poisson’s ratio determined from 

dynamic tests with method V (real values νBC5 and ν*
Dyn5) with the values of the complex 

Poisson’s ratio determined from cyclic test (ν*
ExpTC and ν*

TC). (a) Cole-Cole plot; (b) and (c) 

master curves of the norm and of the phase angle of the complex Poisson’s ratio at 15°C. 

Results for specimen GB-L-1. 
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SPECIMEN GB-L-2 

 

 

 

Figure N.4 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB-L-2. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21°C; (b) -0.6°C; (c) 15.5 °C; (d) 

34.3°C; (e) 49°C. 
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Table N.2. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB-L-2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21 37 874 4.5E-02 0.172 2.16 

-0.6 34 940 5.1E-01 0.181 2.49 

15.5 34 647 6.7E-02 0.187 1.56 

34.3 30 408 4.5E-01 0.234 1.83 

49 40 886 2.4E-01 0.177 1.97 

 

 

 

Figure N.5 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB-L-2. 
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SPECIMEN GB-L-3 

 

 

 

Figure N.6 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB-L-3. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.7°C; (b) -0.8°C; (c) 14.5°C; (d) 

34.3°C; (e) 49.3°C. 
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Table N.3. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB-L-3. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.7 36 206 9.4E-02 0.172 2.22 

-0.8 34 085 5.2E-01 0.193 2.13 

14.5 34 691 4.8E-01 0.168 1.96 

34.3 39 010 2.1E-01 0.172 2.12 

49.3 40 219 2.2E-01 0.179 1.83 

 

 

 

Figure N.7 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB-L-3. 
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SPECIMEN GB-L-4 

 

 

 

Figure N.8 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB-L-4. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.7°C; (b) -0.9°C; (c) 14.6°C; (d) 

34.2°C; (e) 49.3°C. 
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Table N.4. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB-L-4. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.7 36 272 2.0E-02 0.174 1.89 

-0.9 34 331 8.7E-01 0.186 2.23 

14.6 33 727 2.9E-01 0.188 1.98 

34.2 37 766 1.8E-01 0.183 2.04 

49.3 38 586 2.0E-01 0.195 1.66 

 

 

 

Figure N.9 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB-L-4. 
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SPECIMEN GB-L-5 

 

 

 

Figure N.10 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB-L-5. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.5°C; (b) -0.8°C; (c) 14.6°C; (d) 

34.3°C; (e) 49.3°C. 
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Table N.5. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB-L-5. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.5 36 921 1.1E-01 0.170 2.21 

-0.8 34 716 1.1E+00 0.190 2.23 

14.6 33 559 3.8E-01 0.196 1.99 

34.3 37 485 2.4E-01 0.183 2.03 

49.3 41 347 1.9E-01 0.186 1.80 

 

 

 

Figure N.11 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB-L-5. 
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SPECIMEN GB’-L-1 

 

 

 

Figure N.12 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB’-L-1. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.7°C; (b) -0.9°C; (c) 14.6°C; (d) 

34.3°C; (e) 48.8°C. 
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Table N.6. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB’-L-1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.7 26 537 5.1E-02 0.169 2.29 

-0.9 25 002 3.9E+00 0.174 2.58 

14.6 25 582 1.3E+00 0.168 2.45 

34.3 27 654 1.7E-01 0.178 1.91 

48.8 28 732 2.0E-01 0.192 1.61 

 

 

 

Figure N.13 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB’-L-1. 

 

 

 

 

 



APPENDIX N – RESULTS OF THE MAP EXPERIMETAL CAMPAIGN 

-159- 

 

SPECIMEN GB’-L-2 

 

 

 

Figure N.14 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB’-L-2. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.3°C; (b) -0.7°C; (c) 14.6°C; (d) 

34.2°C; (e) 49.2°C. 
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Table N.7. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB’-L-2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.3 28 533 1.9E-02 0.168 2.00 

-0.7 26 873 2.6E-01 0.195 2.15 

14.6 27 249 4.6E-01 0.177 2.14 

34.2 29 993 1.9E-01 0.178 2.01 

49.2 31 244 2.2E-01 0.184 1.68 

 

 

 

Figure N.15 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB’-L-2. 
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Figure N.16 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB’-L-3. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.5°C; (b) -0.8°C; (c) 14.6°C; (d) 

34.3°C; (e) 49.2°C. 
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Table N.8. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB’-L-3. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.5 28 553 1.4E-02 0.166 2.21 

-0.8 26 836 3.5E-01 0.190 2.05 

14.6 27 596 3.3E-01 0.174 2.00 

34.3 30 322 1.7E-01 0.182 1.95 

49.2 31 851 1.9E-01 0.185 1.58 

 

 

 

Figure N.17 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB’-L-3. 
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Figure N.18 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB-T-1. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-20.8°C; (b) -0.4°C; (c) 15.4°C; (d) 

34.3°C; (e) 48.8°C. 
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Table N.9. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB-T-1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-20.8 38 724 1.8E-01 0.159 2.10 

-0.4 36 596 1.7E+00 0.155 2.05 

15.4 38 898 4.7E-01 0.150 2.06 

34.3 40 423 2.2E-01 0.165 2.05 

48.8 32 973 6.5E-01 0.222 1.74 

 

 

 

Figure N.19 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB-T-1. 
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Figure N.20 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

GB-T-2. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.1°C; (b) -0.5°C; (c) 15.3°C; (d) 

34.3°C; (e) 48.8°C. 
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Table N.10. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen GB-T-2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.1 39 008 6.1E-02 0.151 1.60 

-0.5 37 119 2.7E-01 0.157 1.65 

15.3 36 032 2.5E-01 0.194 2.12 

34.3 41 137 2.3E-01 0.170 2.13 

48.8 40 567 2.1E-01 0.183 1.80 

 

 

 

Figure N.21 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen GB-T-2. 
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Table N.11. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model and of the 

Poisson’s ratio ν determined from dynamic tests at each temperature in the first step of 

method V for specimen BB-L-1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ ν 

-20.9 41866 1.3E-01 0.160 2.11 0.265 

-0.4 40213 1.4E+00 0.162 2.26 0.273 

15.1 40736 8.4E-02 0.181 2.18 0.283 

29.4 45392 3.1E-02 0.186 2.08 0.375 

43.9 41716 3.9E-02 0.229 1.47 0.347 

 

Figure N.22 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

BB-L-1. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-20.9°C; (b) -0.4°C; (c) 15.1°C; (d) 

29.4°C; (e) 43.9°C. 
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Figure N.23 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

BB-L-2. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.5°C; (b) -0.6°C; (c) 15.1°C; (d) 

29.5°C; (e) 44.2°C. 
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Table N.12. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen BB-L-2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.5 42285 2.6E-01 0.152 2.25 

-0.6 40206 3.6E-01 0.163 1.74 

15.1 46102 1.1E-01 0.142 2.11 

29.5 41101 7.7E-02 0.188 2.08 

44.2 49719 2.6E-02 0.101 1.76 

 

 

 

Figure N.24 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen BB-L-2. 
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Figure N.25 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

BB-T-1. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21.1°C; (b) -0.4°C; (c) 15°C; (d) 

29.4°C; (e) 44°C. 
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Table N.13. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen BB-T-1. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21.1 40511 6.7E-02 0.168 2.15 

-0.4 38399 4.2E-01 0.171 1.97 

15 38176 9.4E-02 0.188 2.04 

29.4 41130 7.3E-02 0.197 2.51 

44 44547 4.5E-02 0.199 1.85 

 

 

 

Figure N.26 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen BB-T-1. 
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Figure N.27 Comparison of the experimental FRFs (noted Exp. FRF) with the FRFs after 

optimization (noted FRF A.O) and the global LVE FRFs (noted G.LVE FRF) for specimen 

BB-T-2. Values of the experimental FRFs at the frequencies where the optimization is 

performed (noted Opt. Points) are also plotted. (a) T=-21°C; (b) -0.4°C; (c) 15°C; (d) 

29.4°C; (e) 43.9°C. 
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Table N.14. Values of the four constants E0, τE15°C, k and δ of the 2S2P1D model determined 

from dynamic tests at each temperature in the first step of method III for specimen BB-T-2. 

Temperature (°C) E0 (MPa) τE15°C (s) k δ 

-21 41202 1.9E-02 0.177 2.00 

-0.4 39344 3.3E-01 0.169 1.89 

15 47529 1.4E-01 0.136 2.57 

29.4 41915 3.1E-02 0.185 1.87 

43.9 40868 3.7E-02 0.214 1.56 

 

 

 

Figure N.28 Values of the complex modulus determined from dynamic tests with method III 

(E*
BC3 and E*

Dyn3). (a) Cole-Cole plot; (b) and (c) master curves of the norm and of the phase 

angle of the complex modulus at 15°C. Results for specimen BB-T-2. 

 

 

 

 

 


