




























































































































































































































101 

e 
-30.0 -30.0 -20.0 -20.0 -10.0 -10.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.014 -0.001 0.015 0.000 0.016 0.001 

10 0.014 -0.001 0.015 0.000 0.015 0.001 
16 0.015 -0.001 0.015 0.000 0.015 0.001 

25 0.015 -0.001 0.015 0.000 0.016 0.001 
40 0.014 -0.001 0.015 0.000 0.015 0.001 
63 0.015 -0.001 0.016 0.000 0.016 0.001 

100 0.015 -0.001 0.015 0.000 0.016 0.001 

158 0.015 -0.001 0.016 0.000 0.016 0.001 

251 0.015 -0.001 0.016 0.000 0.016 0.002 

398 0.015 -0.001 0.016 0.000 0.016 0.001 

631 0.015 -0.001 0.016 0.000 0.016 0.001 
1000 0.015 -0.001 0.016 -0.001 0.016 0.002 
1585 0.015 -0.001 0.016 0.000 0.017 0.002 
2512 0.016 -0.002 0.017 0.000 0.017 0.002 

3981 0.016 -0.001 0.017 -0.001 0.017 0.002 

6310 0.016 -0.001 0.017 0.000 0.017 0.001 

10000 0.017 -0.001 0.017 0.000 0.018 0.001 

15849 0.017 -0.001 0.018 0.000 0.018 0.001 

25119 0.017 -0.002 0.018 0.000 0.018 0.001 

39811 0.018 -0.002 0.019 0.000 0.019 0.001 

63096 0.018 -0.001 0.019 -0.001 0.019 0.002 

79433 0.018 -0.002 0.019 0.000 0.020 0.001 



102 

e 
0.0 0.0 10.0 10.0 20.0 20.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.015 0.001 0.016 0.002 0.015 0.003 

10 0.015 0.000 0.017 0.003 0.015 0.003 
16 0.016 0.001 0.017 0.003 0.015 0.003 

25 0.015 0.001 0.016 0.002 0.015 0.003 

40 0.016 0.001 0.016 0.003 0.015 0.003 

63 0.016 0.001 0.017 0.003 0.015 0.003 

100 0.016 0.001 0.016 0.003 0.015 0.003 

158 0.016 0.001 0.017 0.003 0.016 0.003 

251 0.016 0.000 0.017 0.003 0.016 0.003 

398 0.016 0.000 0.017 0.003 0.016 0.003 

631 0.016 0.001 0.017 0.003 0.016 0.002 

1000 0.017 0.001 0.018 0.003 0.016 0.003 

1585 0.017 0.000 0.018 0.003 0.017 0.003 

2512 0.017 0.000 0.018 0.002 0.017 0.003 

3981 0.017 0.000 0.018 0.003 0.017 0.003 

6310 0.017 0.001 0.019 0.003 0.017 0.003 

10000 0.017 0.000 0.019 0.003 0.018 0.003 

15849 0.018 0.000 0.019 0.003 0.018 0.004 

25119 0.018 0.001 0.020 0.003 0.018 0.004 

39811 0.019 0.001 0.020 0.003 0.019 0.004 

63096 0.019 0.000 0.020 0.003 0.019 0.004 

79433 0.020 0.000 0.021 0.003 0.019 0.004 



103 

8 
30.0 30.0 40.0 40.0 50.0 50.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.015 0.004 0.015 0.004 0.013 0.006 

10 0.015 0.004 0.014 0.004 0.014 0.007 
16 0.015 0.004 0.014 0.004 0.013 0.007 

25 0.015 0.004 0.015 0.004 0.013 0.007 

40 0.015 0.004 0.015 0.004 0.014 0.007 

63 0.015 0.004 0.015 0.004 0.014 0.007 

100 0.016 0.004 0.015 0.004 0.014 0.007 

158 0.015 0.004 0.015 0.005 0.014 0.008 

251 0.016 0.004 0.015 0.005 0.014 0.008 

398 0.016 0.004 0.015 0.005 0.014 0.008 

631 0.016 0.004 0.016 0.005 0.014 0.008 

1000 0.016 0.004 0.016 0.005 0.015 0.008 

1585 0.016 0.004 0.016 0.005 0.015 0.008 

2512 0.017 0.004 0.016 0.005 0.015 0.009 

3981 0.017 0.005 0.016 0.006 0.016 0.009 

6310 0.017 0.005 0.017 0.006 0.016 0.009 

10000 0.018 0.005 0.017 0.006 0.017 0.010 

15849 0.018 0.004 0.017 0.006 0.017 0.010 

25119 0.019 0.005 0.018 0.007 0.018 0.011 

39811 0.019 0.006 0.018 0.007 0.018 0.011 

63096 0.020 0.006 0.019 0.007 0.019 0.012 

79433 0.020 0.006 0.019 0.008 0.020 0.012 



104 

e 
60.0 60.0 70.0 70.0 80.0 80.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.010 0.012 0.009 0.013 0.005 0.015 

10 0.011 0.012 0.010 0.013 0.005 0.015 

16 0.011 0.012 0.010 0.013 0.006 0.016 

25 0.011 0.012 0.010 0.013 0.006 0.016 

40 0.011 0.012 0.010 0.014 0.006 0.016 

63 0.011 0.012 0.010 0.014 0.006 0.016 

100 0.012 0.012 0.010 0.014 0.006 0.017 

158 0.011 0.012 0.010 0.014 0.006 0.017 

251 0.012 0.013 0.010 0.014 0.006 0.017 

398 0.012 0.013 0.010 0.015 0.006 0.017 

631 0.012 0.013 0.010 0.015 0.006 0.017 

1000 0.012 0.013 0.010 0.015 0.006 0.017 

1585 0.012 0.013 0.011 0.015 0.006 0.018 

2512 0.013 0.014 0.011 0.015 0.007 0.018 

3981 0.013 0.014 0.011 0.016 0.006 0.018 

6310 0.013 0.014 0.012 0.017 0.007 0.019 

10000 0.013 0.015 0.012 0.017 0.007 0.019 

15849 0.014 0.015 0.012 0.017 0.007 0.020 

25119 0.014 0.016 0.013 0.018 0.007 0.020 

39811 0.015 0.016 0.013 0.019 0.008 0.021 

63096 0.016 0.017 0.014 0.020 0.008 0.022 

79433 0.016 0.017 0.014 0.020 0.009 0.022 



105 

e 
90.0 90.0 

Creep Time Shear Normal 
(Second) Strain Strain 

2 0.000 0.014 

10 0.000 0.015 
16 0.000 0.015 

25 0.000 0.016 

40 0.000 0.016 

63 0.000 0.016 

100 0.000 0.016 

158 0.000 0.016 

251 0.000 0.016 

398 0.000 0.016 

631 0.000 0.016 

1000 0.000 0.017 

1585 0.000 0.017 
2512 0.000 0.017 

3981 0.000 0.018 

6310 0.000 0.018 

10000 0.000 0.019 

15849 0.000 0.019 

25119 0.000 0.020 

39811 0.000 0.020 

63096 0.000 0.021 

79433 0.000 0.022 



106 

2) Nominal maximum shear stress 23.2 MPa: 

e 
-90.0 -90.0 -80.0 -80.0 -70.0 -70.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.001 -0.012 0.006 -0.010 0.012 -0.010 
10 0.001 -0.013 0.006 -0.010 0.012 -0.010 

16 0.001 -0.012 0.006 -0.010 0.012 -0.010 

25 0.001 -0.013 0.006 -0.011 0.012 -0.010 

40 0.000 -0.013 0.006 -0.010 0.012 -0.010 

63 0.001 -0.013 0.006 -0.011 0.013 -0.010 
100 0.001 -0.013 0.006 -0.011 0.012 -0.010 

158 0.001 -0.013 0.006 -0.011 0.013 -0.010 
251 0.001 -0.013 0.007 -0.011 0.013 -0.011 

398 0.001 -0.014 0.007 -0.012 0.013 -0.011 

631 0.001 -0.014 0.007 -0.012 0.014 -0.011 

1000 0.001 -0.014 0.007 -0.012 0.014 -0.012 

1585 0.001 -0.014 0.007 -0.013 0.014 -0.012 
2512 0.001 -0.015 0.007 -0.013 0.014 -0.012 

3981 0.001 -0.015 0.007 -0.013 0.014 -0.013 

6310 0.001 -0.016 0.008 -0.014 0.015 -0.013 

10000 0.001 -0.016 0.008 -0.014 0.015 -0.014 

15849 0.001 -0.016 0.008 -0.015 0.016 -0.015 

25119 0.001 -0.017 0.008 -0.015 0.017 -0.016 

39811 0.001 -0.018 0.008 -0.016 0.017 -0.017 

63096 0.001 -0.018 0.009 -0.017 0.018 -0.017 

79433 0.001 -0.020 0.009 -0.017 0.018 -0.018 



107 

e 
-60.0 -60.0 -50.0 -50.0 -40.0 -40.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.015 -0.006 0.016 -0.005 0.017 -0.003 

10 0.015 -0.006 0.017 -0.004 0.018 -0.003 
16 0.015 -0.007 0.0l7 -0.005 0.018 -0.003 

25 0.015 -0.007 0.017 -0.005 0.018 -0.003 

40 0.016 -0.007 0.017 -0.005 0.018 -0.003 

63 0.016 -0.007 0.017 -0.005 0.018 -0.003 

100 0.016 -0.007 0.017 -0.005 0.018 -0.003 

158 0.016 -0.007 0.017 -0.005 0.018 -0.003 

251 0.016 -0.008 0.018 -0.005 0.019 -0.003 

398 0.017 -0.008 0.018 -0.005 0.019 -0.003 

631 0.0l7 -0.008 0.018 -0.006 0.019 -0.003 

1000 0.017 -0.008 0.019 -0.006 0.020 -0.003 

1585 0.018 -0.009 0.019 -0.006 0.020 -0.004 

2512 0.018 -0.009 0.019 -0.006 0.020 -0.004 

3981 0.019 -0.010 0.020 -0.006 0.021 -0.004 

6310 0.019 -0.010 0.020 -0.007 0.021 -0.004 

10000 0.020 -0.010 0.021 -0.007 0.022 -0.004 

15849 0.021 -0.011 0.022 -0.007 0 .023 -0.004 

25119 0.021 -0.012 0.023 -0.008 0.023 -0.004 

39811 0.023 -0.013 0.024 -0.009 0.025 -0.004 

63096 0.024 -0.014 0.025 -0.009 0.026 -0.005 

79433 0.024 -0.014 0.026 -0.010 0.026 -0.006 



108 

8 
-30.0 -30.0 -20.0 -20.0 -10.0 -10.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.018 -0.001 0.019 0.000 0.019 0.002 

10 0.019 -0.001 0.019 0.000 0.019 0.002 
16 0.019 -0.001 0.019 0.000 0.019 0.002 

25 0.019 -0.001 0.020 0.000 0.019 0.002 

40 0.019 -0.001 0.020 0.000 0.019 0.002 

63 0.019 -0.001 0.020 0.000 0.019 0.002 

100 0.019 -0.001 0.020 0.000 0.020 0.002 

158 0.020 -0.002 0.020 0.000 0.020 0.002 

251 0.020 -0.002 0.021 0.000 0.020 0.002 

398 0.020 -0.002 0.021 0.000 0.021 0.002 
631 0.020 -0.002 0.021 0.000 0.021 0.002 
1000 0.021 -0.002 0.021 0.000 0.021 0.002 

1585 0.021 -0.002 0.022 0.000 0.022 0.003 
2512 0.022 -0.002 0.022 0.000 0.022 0.002 

3981 0.022 -0.002 0.023 0.000 0.023 0.002 

6310 0.023 -0.002 0.024 0.000 0.024 0.002 

10000 0.023 -0.002 0.024 0.000 0.024 0.002 

15849 0.024 -0.002 0.025 0.000 0.025 0.003 

25119 0.025 -0.003 0.026 0.000 0.026 0.002 

39811 0.026 -0.003 0.028 0.000 0.028 0.003 

63096 0.027 -0.003 0.029 0.000 0.030 0.003 

79433 0.028 -0.003 0.030 0.000 0.030 0.003 



109 

e 
0.0 0.0 10.0 10.0 20.0 20.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.019 0.003 0.019 0.004 0.019 0.004 

10 0.019 0.003 0.019 0.003 0.019 0.004 
16 0.019 0.003 0.019 0.004 0.019 0.004 

25 0.019 0.003 0.019 0.003 0.019 0.004 

40 0.019 0.003 0.020 0.004 0.020 0.005 

63 0.020 0.003 0.020 0.004 0.020 0.004 

100 0.020 0.003 0.020 0.003 0.020 0.005 

158 0.020 0.004 0.021 0.004 0.020 0.005 

251 0.020 0.003 0.021 0.002 0.020 0.004 

398 0.020 0.003 0.021 0.004 0.021 0.005 

631 0.021 0.004 0.021 0.003 0.021 0.005 

1000 0.021 0.004 0.022 0.004 0.021 0.005 

1585 0.022 0.004 0.022 0.004 0.022 0.005 

2512 0.023 0.005 0.022 0.004 0.023 0.006 

3981 0.023 0.004 0.023 0.005 0.023 0.006 
6310 0.023 0.003 0.024 0.005 0.024 0.006 

10000 0.025 0.004 0.025 0.007 0.025 0.006 

15849 0.025 0.004 0.026 0.005 0.027 0.007 

25119 0.026 0.004 0.029 0.006 0.029 0.008 

39811 0.028 0.004 0.032 0.006 0.031 0.010 

63096 0.030 0.005 0.035 0.008 0.034 0.010 

79433 0.031 0.006 0.037 0.008 0.036 0.011 



110 

e 
30.0 30.0 40.0 40.0 50.0 50.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.018 0.005 0.018 0.006 0.014 0.008 

10 0.018 0.006 0.018 0.007 0.017 0.011 
16 0.018 0.006 0.018 0.007 0.017 0.011 

25 0.019 0.006 0.019 0.007 0.018 0.012 

40 0.019 0.005 0.019 0.007 0.018 0.012 

63 0.019 0.007 0.019 0.007 0.018 0.011 

100 0.019 0.006 0.019 0.008 0.018 0.012 

158 0.019 0.007 0.020 0.008 0.019 0.012 

251 0.020 0.006 0.020 0.008 0.020 0.013 

398 0.020 0.007 0.020 0.008 0.020 0.013 

631 0.021 0.007 0.021 0.009 0.021 0.014 

1000 0.021 0.007 0.021 0.009 0.022 0.015 

1585 0.022 0.008 0.022 0.010 0.023 0.016 

2512 0.023 0.008 0.022 0.011 0.025 0.017 

3981 0.023 0.008 0.023 0.011 0.027 0.019 

6310 0.024 0.009 0.024 0.012 0.030 0.020 

10000 0.026 0.009 0.027 0.013 0.036 0.024 

15849 0.027 0.010 0.029 0.015 0.048 0.034 

25119 0.029 0.012 0.033 0.017 0.067 0.049 

39811 0.032 0.013 0.037 0.020 

63096 0.037 0.015 0.042 0.024 

79433 0.040 0.017 0.046 0.027 



111 

e 
60.0 60.0 70.0 70.0 80.0 80.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.015 0.013 0.010 0.013 0.005 0.015 

10 0.016 0.014 0.012 0.017 0.007 0.021 

16 0.016 0.014 0.012 0.018 0.007 0.021 

25 0.016 0.014 0.013 0.018 0.008 0.022 

40 0.017 0.015 0.013 0.019 0.008 0.022 

63 0.017 0.015 0.013 0.019 0.008 0.024 

100 0.017 0.015 0.014 0.020 0.009 0.024 

158 0.018 0.016 0.014 0.021 0.009 0.025 

251 0.018 0.017 0.015 0.022 0.010 0.026 

398 0.019 0.017 0.015 0.023 0.010 0.028 

631 0.020 0.018 0.016 0.024 0.011 0.030 

1000 0.020 0.019 0.017 0.026 0.012 0.035 

1585 0.022 0.020 0.019 0.028 0.014 0.064 

2512 0.024 0.023 0.021 0.033 
3981 0.028 0.026 0.035 0.061 
6310 0.035 0.033 

10000 0.055 0.055 



112 

e 
90.0 90.0 

Creep Time Shear Normal 
(Second) Strain Strain 

2 0.000 0.017 

10 0.000 0.019 
16 0.000 0.019 

25 0.000 0.020 

40 0.000 0.020 
63 0.000 0.020 

100 0.000 0.021 

158 0.000 0.022 

251 0.000 0.022 

398 0.000 0.023 

631 0.000 0.025 
1000 0.000 0.028 

1585 0.000 0.047 



113 

3) Nominal maximum shear stress 19.3 MPa after stress adjustment: 

e 
-80.0 -80.0 -70.0 -70.0 -60.0 -60.0 

Creep Time Shear Normal Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain Strain Strain 

2 0.009 -0.015 0.013 -0.012 0.013 -0.007 
lO O.OlO -0.016 0.015 -0.013 0.016 -0.008 

16 0.010 -0.017 0.015 -0.013 0.016 -0.008 

25 0.011 -0.017 0.016 -0.013 0.016 -0.009 

40 0.011 -0.019 0.015 -0.014 0.016 -0.009 
63 0.011 -0.019 0.016 -0.014 0.016 -0.009 

100 0.012 -0.020 0.016 -0.015 0.017 -0.009 
158 0.012 -0.021 0.016 -0.015 0.017 -0.009 
251 0.012 -0.022 0.017 -0.015 0.017 -0.009 
398 0.012 -0.023 0.017 -0.016 0.017 -0.009 

631 0.013 -0.025 0.017 -0.016 0.017 -0.010 

1000 0.014 -0.026 0.018 -0.017 0.018 -0.010 
1585 0.015 -0.030 0.018 -0.018 0.018 -0.011 
2512 0.017 -0.035 0.018 -0.018 0.019 -0.011 

3981 0.020 -0.044 0.019 -0.019 0.019 -0.011 

6310 0.029 -0.059 0.020 -0.020 0.020 -0.011 

10000 0.021 -0.021 0.020 -0.012 

15849 0.022 -0.022 0.021 -0.012 

25119 0.025 -0.027 0.021 -0.013 

39811 0.026 -0.027 0.023 -0.014 

63096 0.026 -0.035 0.023 -0.015 

79433 0.029 -0.037 0.023 -0.015 



114 

e 
-50.0 -50.0 50.0 50.0 

Creep Time Shear Normal Shear Normal 
(Second) Strain Strain Strain Strain 

2 0.014 -0.005 0.013 0.008 

10 0.015 -0.005 0.015 0.010 

16 0.016 -0.005 0.015 0.010 

25 0.016 -0.005 0.016 0.010 

40 0.016 -0.006 0.016 0.010 

63 0.016 -0.005 0.016 0.010 

100 0.016 -0.006 0.016 0.010 

158 0.016 -0.006 0.016 0.010 

251 0.016 -0.006 0.016 0.010 

398 0.016 -0.006 0.016 0.010 

631 0.017 -0.006 0.017 0.010 

1000 0.017 -0.006 0.017 0.010 

1585 0.017 -0.006 0.018 0.011 

2512 0.017 -0.006 0.018 0.011 

3981 0.017 -0.007 0.019 0.012 

6310 0.017 -0.006 0.019 0.012 

10000 0 .018 -0.007 0.019 0.012 

15849 0.018 -0.007 0.021 0.013 

25119 0.019 -0.007 0.023 0.015 

39811 0.020 -0.008 0.021 0.014 

63096 0.020 -0.008 0.022 0.014 

79433 0.022 -0.009 0.023 0.015 


