
Appendix C – Statistical Data for Cyclic Tests 

 
Data presented here is for all the statistical tests performed for this study.  Results are for 

seven parameters and include data generated from the ANOVA tests and the Tukey tests 

when applicable.  See Section 4.6 in Chapter 4 for explanation of statistical tests.  The 

total number of factor levels for the comparisons not including the 4D spacing is 5.  The 

total number of observations for the comparisons not including the 4D spacing is 45.  The 

total number of factor levels for the comparisons including the 4D spacing is 6.  The total 

number of observations for the comparisons including 4D spacing is 54.  The total 

number of repetitions, n, is equal to 10.  The 1-α value is taken as 0.95.  With the values 

of 1-α, r, nT-r; a table value for the comparisons not including the 4D spacing is 4.025.  

For the comparisons including the 4D spacing, the table value is 4.18.  The table values 

are used to calculate a value for T.   

 

C.1 Expected Yield Mode II 

Table C.1: Maximum Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of Variation SS df MS F P-value F crit 

Between Groups 634906139 4 1.6E+08 39.80 3.09E-14 2.58 
Within Groups 179481966 45 3988488    

       
Total 814388104 49         

 

MSE
table 
value T*s(D)   

39884 4.025 2541.97 88
    
    

  
Diff. in 
Means Null Hyp.  

8D-7D 2598 Reject Ho  
7D-6D 4015 Reject Ho  
6D-5D 3642 Reject Ho  
5D-3D 2323 C.R. Ho  
8D-6D 1417 C.R. Ho  
8D-5D 5059 Reject Ho  
8D-3D 7382 Reject Ho  
7D-5D 7657 Reject Ho  
7D-3D 7382 Reject Ho  
6D-3D 5965 Reject Ho  
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Table C.2: Maximum Load Statistical Comparisons Including 4D. 

ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 1.12E+09 5 2.23E+08 64.59 1.48E-21 2.39 
Within Groups 1.86E+08 54 3453216    
       
Total 1.3E+09 59         

 

MS  va T*s(D) E table lue 
3453215 4.18 2544.48 .7

    
    

 
Diff. in 
Means Null Hyp.  

8D-4D 9844 Reject Ho  
7D-4D 12442 Reject Ho  
6D-4D 8427 Reject Ho  
5D-4D 4785 Reject Ho  
3D-4D 2462 Reject Ho  

 

Table C.3: Failure Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.06E+08 4 1.02E+08 39.8 3.09E-14 2.58 
Within Groups 1.15E+08 45 2552632    
       
Total 5.21E+08 49         

 

MSE
table 
value  T*s(D) 

25526 4.025 2034 32
    

    

  
Diff in 
Means Null Hyp.  

8D-7D 2078 Reject Ho  
7D-6D 3212 Reject Ho  
6D-5D 2913 Reject Ho  
5D-3D 1859 C.R. Ho  
8D-6D 1134 C.R. Ho  
8D-5D 4047 Reject Ho  
8D-3D 5906 Reject Ho  
7D-5D 6126 Reject Ho  
7D-3D 5906 Reject Ho  
6D-3D 4772 Reject Ho  
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Table C.4: Failure Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 7.14E+08 5 1.43E+08 64.6 1.48E-21 2.39 
Within Groups 1.19E+08 54 2210058    
       
Total 8.33E+08 59         

 

MSE
table 
value  T*s(D) 

221005 4.18 1965 8
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 7875 Reject Ho  
7D-4D 9954 Reject Ho  
6D-4D 6741 Reject Ho  
5D-4D 3828 Reject Ho  
3D-4D 1969 Reject Ho  

 
Table C.5: E.E.P. Yield Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.87E+08 4 1.22E+08 54.2 1.22E-16 2.58 
Within Groups 1.01E+08 45 2247591    
       
Total 5.88E+08 49         

 

MSE
table 
value T*s(D)  

22475 4.025 1908 91
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 2453 Reject Ho  
7D-6D 3935 Reject Ho  
6D-5D 2691 Reject Ho  
5D-3D 2291 Reject Ho  
8D-6D 1481 C.R. Ho  
8D-5D 4172 Reject Ho  
8D-3D 6463 Reject Ho  
7D-5D 6626 Reject Ho  
7D-3D 6463 Reject Ho  
6D-3D 4982 Reject Ho  
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Table C.6: E.E.P. Yield Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 7.75E+08 5 1.55E+08 74.9 4.77E-23 2.39 
Within Groups 1.12E+08 54 2069497    
       
Total 8.87E+08 59         

 

M
table 
va T*s(D) SE lue 

206 4.18 1902 9497
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 7811 Reject Ho  
7D-4D 10265 Reject Ho  
6D-4D 6330 Reject Ho  
5D-4D 3639 Reject Ho  
3D-4D 1348 C.R. Ho  

 
Table C.7: 5% Offset Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 3.23E+08 4 80846639 24.2 9.97E-11 2.58 
Within Groups 1.5E+08 45 3340858    
       
Total 4.74E+08 49         

 

MSE
table 
value  T*s(D) 

33408 4.025 2326 58
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 930 C.R. Ho  
7D-6D 1307 C.R. Ho  
6D-5D 3055 Reject Ho  
5D-3D 2487 Reject Ho  
8D-6D 377 C.R. Ho  
8D-5D 3432 Reject Ho  
8D-3D 5919 Reject Ho  
7D-5D 4362 Reject Ho  
7D-3D 5919 Reject Ho  
6D-3D 5541 Reject Ho  
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Table C.8: 5% Offset Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 6.18E+08 5 1.24E+08 41.0 3.3E-17 2.39 
Within Groups 1.63E+08 54 3014289    
       
Total 7.81E+08 59         

 

MSE
table 
value  T*s(D) 

301428 4.18 2295 9
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 7772 Reject Ho  
7D-4D 8702 Reject Ho  
6D-4D 7395 Reject Ho  
5D-4D 4340 Reject Ho  
3D-4D 1853 C.R. Ho  

 
Table C.9: Elastic Stiffness Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.74E+08 4 1.18E+08 0.52 0.72 2.58 
Within Groups 1.02E+10 45 2.27E+08    
       
Total 1.07E+10 49         

 
Table C.10: Elastic Stiffness Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.57E+09 5 9.13E+08 4.70 0.001 2.39 
Within Groups 1.05E+10 54 1.94E+08    
       
Total 1.51E+10 59         

 
 
 
 

MS  va *s(D) E table lue T
1.94E+0 4.18 18424 8
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Diff in 
Means Null Hyp.  

8D-4D 22244 Reject Ho  
7D-4D 27404 Reject Ho  
6D-4D 21114 Reject Ho  
5D-4D 17827 C.R. Ho  
3D-4D 22211 Reject Ho  

 
Table C.11: E.E.P. Energy Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 1.62E+08 4 40493279 13.6 2.47E-07 2.58 
Within Groups 1.34E+08 45 2984559    
       
Total 2.96E+08 49         

 

MSE
table 
value T*s(D)  

29845 4.025 2199 59
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 966 C.R. Ho  
7D-6D 2582 Reject Ho  
6D-5D 1693 C.R. Ho  
5D-3D 333 C.R. Ho  
8D-6D 1616 C.R. Ho  
8D-5D 3309 Reject Ho  
8D-3D 3641 Reject Ho  
7D-5D 4274 Reject Ho  
7D-3D 3641 Reject Ho  
6D-3D 2026 C.R. Ho  

 
Table C.12: E.E.P. Energy Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 2.35E+08 5 47075329 18.9 8.25E-11 2.39 
Within Groups 1.35E+08 54 2493029    
       
Total 3.7E+08 59         

 

MSE
table 
value  T*s(D) 

249302 4.18 2087 9
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Diff in 
Means Null Hyp.  

8D-4D 4488 Reject Ho  
7D-4D 5454 Reject Ho  
6D-4D 2872 Reject Ho  
5D-4D 1179 C.R. Ho  
3D-4D 847 C.R. Ho  

 
Table C.13: Ductility Ratio Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 0.940539 4 0.235 3.36 0.017265 2.58 
Within Groups 3.149536 45 0.070    
       
Total 4.090075 49         

 

MSE
table 
value  T*s(D) 

0.069 4.025 0.34 99 
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 0.10 C.R. Ho  
7D-6D 0.24 C.R. Ho  
6D-5D 0.17 C.R. Ho  
5D-3D 0.24 C.R. Ho  
8D-6D 0.14 C.R. Ho  
8D-5D 0.31 C.R. Ho  
8D-3D 0.07 C.R. Ho  
7D-5D 0.41 Reject Ho  
7D-3D 0.07 C.R. Ho  
6D-3D 0.07 C.R. Ho  

 
Table C.14: Ductility Ratio Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 2.593994 5 0.519 8.80 3.71E-06 2.39 
Within Groups 3.182696 54 0.059    
       
Total 5.77669 59         

 

M
table 
va T*s(D) SE lue 

0.058 4.18 0.32 939
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Diff in 
Means Null Hyp.  

8D-4D 0.53 Reject Ho  
7D-4D 0.63 Reject Ho  
6D-4D 0.39 Reject Ho  
5D-4D 0.22 C.R. Ho  
3D-4D 0.46 Reject Ho  

 

C.2 Expected Yield Mode III  

Table C.15: Maximum Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 6.93E+08 4 1.73E+08 15.21 6.14E-08 2.58 
Within Groups 5.13E+08 45 11394246    
       
Total 1.21E+09 49         

 

MSE 
table 
value T*s(D) 

113942 4.025 4296.44 46
    
    

  
Diff. in 
Means Null Hyp.  

8D-7D 1374 C.R. Ho  
7D-6D 988 C.R. Ho  
6D-5D 3105 C.R. Ho  
5D-3D 4983 Reject Ho  
8D-6D 2362 C.R. Ho  
8D-5D 5467 Reject Ho  
8D-3D 10450 Reject Ho  
7D-5D 4093 C.R. Ho  
7D-3D 10450 Reject Ho  
6D-3D 8088 Reject Ho  

Table C.16: Maximum Load Statistical Comparisons Including 4D. 

ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 1E+09 5 2E+08 20.24 2.55E-11 2.39 
Within Groups 5.35E+08 54 9903031    
       
Total 1.54E+09 59         

 

MSE
table 
value T*s(D)  

990303 4.18 4308.96 1
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Diff. in 
Means Null Hyp.  

8D-4D 10023 Reject Ho  
7D-4D 8649 Reject Ho  
6D-4D 7661 Reject Ho  
5D-4D 4556 Reject Ho  
3D-4D 427 C.R. Ho  

 

Table C.17: Failure Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.44E+08 4 1.11E+08 15.2 6.14E-08 2.58 
Within Groups 3.28E+08 45 7292317    
       
Total 7.72E+08 49         

 

M
table 
va T*s(D) SE lue 

729 4.025 3437 2317
    
    

  
Diff. in 
Means Null Hyp.  

8D-7D 1099 C.R. Ho  
7D-6D 790 C.R. Ho  
6D-5D 2484 C.R. Ho  
5D-3D 3986 Reject Ho  
8D-6D 1890 C.R. Ho  
8D-5D 4374 Reject Ho  
8D-3D 8360 Reject Ho  
7D-5D 3274 C.R. Ho  
7D-3D 8360 Reject Ho  
6D-3D 6470 Reject Ho  

 
Table C.18: Failure Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 6.42E+08 5 1.28E+08 20.2 2.55E-11 2.39 
Within Groups 3.42E+08 54 6337939    
       
Total 9.84E+08 59         
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MS
table 
valuE e T*s(D) 

63379 4.18 3328 39
    
    

 
Diff. in 
Means Null Hyp.  

8D-4D 8018 Reject Ho  
7D-4D 6919 Reject Ho  
6D-4D 6128 Reject Ho  
5D-4D 3645 Reject Ho  
3D-4D 342 C.R. Ho  

 
Table C.19: E.E.P. Yield Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.96E+08 4 1.24E+08 15.5 4.95E-08 2.58 
Within Groups 3.61E+08 45 8017533    
       
Total 8.57E+08 49         

 

M
table 
va T*s(D) SE lue 

801 4.025 3604 7533
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 1532 C.R. Ho  
7D-6D 1264 C.R. Ho  
6D-5D 2448 C.R. Ho  
5D-3D 3750 Reject Ho  
8D-6D 2796 C.R. Ho  
8D-5D 5244 Reject Ho  
8D-3D 8993 Reject Ho  
7D-5D 3712 Reject Ho  
7D-3D 8993 Reject Ho  
6D-3D 6198 Reject Ho  

 
Table C.20: E.E.P. Yield Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 6.42E+08 5 1.28E+08 17.4 3.04E-10 2.39 
Within Groups 3.97E+08 54 7357756    
       
Total 1.04E+09 59         
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M
table 
va T*s(D) SE lue 

735 4.18 3585 7756
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 7891 Reject Ho  
7D-4D 6359 Reject Ho  
6D-4D 5095 Reject Ho  
5D-4D 2647 C.R. Ho  
3D-4D 1103 C.R. Ho  

 
Table C.21: 5% Offset Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 3.48E+08 4 86974624 11.6 1.52E-06 2.58 
Within Groups 3.38E+08 45 7515109    
       
Total 6.86E+08 49         

 

M
table 
va T*s(D) SE lue 

751 4.025 3489 5109
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 1387 C.R. Ho  
7D-6D 330 C.R. Ho  
6D-5D 2397 C.R. Ho  
5D-3D 3393 C.R. Ho  
8D-6D 1717 C.R. Ho  
8D-5D 4115 Reject Ho  
8D-3D 7507 Reject Ho  
7D-5D 2728 C.R. Ho  
7D-3D 7507 Reject Ho  
6D-3D 5790 Reject Ho  

 
Table C.22: 5% Offset Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.31E+08 5 86191738 12.7 3.67E-08 2.39 
Within Groups 3.67E+08 54 6798000    
       
Total 7.98E+08 59         

 

 251



Appendix C – Statistical Data for Cyclic Tests 

M
table 
va T*s(D) SE lue 

679 4.18 3446 8000
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 6102 Reject Ho  
7D-4D 4715 Reject Ho  
6D-4D 4385 Reject Ho  
5D-4D 1988 C.R. Ho  
3D-4D 1405 C.R. Ho  

 
Table C.23: Elastic Stiffness Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 5.06E+09 4 1.26E+09 3.14 0.023 2.58 
Within Groups 1.81E+10 45 4.03E+08    
       
Total 2.32E+10 49         

 

M
table 
va T*s(D) SE lue 

4.03 4.025 25552 E+08
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 12251 C.R. Ho  
7D-6D 7176 C.R. Ho  
6D-5D 18097 C.R. Ho  
5D-3D 10709 C.R. Ho  
8D-6D 19426 C.R. Ho  
8D-5D 1330 C.R. Ho  
8D-3D 9379 C.R. Ho  
7D-5D 10921 C.R. Ho  
7D-3D 9379 C.R. Ho  
6D-3D 28806 Reject Ho  

 
Table C.24: Elastic Stiffness Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 7.48E+09 5 1.5E+09 4.13 0.003 2.39 
Within Groups 1.96E+10 54 3.63E+08    
       
Total 2.71E+10 59         
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M
table 
v T*s(D) SE alue 

3.63 25171 E+08 4.18 
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 12344 C.R. Ho  
7D-4D 24595 C.R. Ho  
6D-4D 31771 Reject Ho  
5D-4D 13674 C.R. Ho  
3D-4D 2965 C.R. Ho  

 
Table C.25: E.E.P. Energy Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 1.47E+08 4 36786428 12.6 5.9E-07 2.58 
Within Groups 1.31E+08 45 2921631    
       
Total 2.79E+08 49         

 

M
table 
va T*s(D) SE lue 

292 4.025 2176 1631
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 1474 C.R. Ho  
7D-6D 1561 C.R. Ho  
6D-5D 918 C.R. Ho  
5D-3D 811 C.R. Ho  
8D-6D 3034 Reject Ho  
8D-5D 3952 Reject Ho  
8D-3D 4763 Reject Ho  
7D-5D 2479 Reject Ho  
7D-3D 4763 Reject Ho  
6D-3D 1729 C.R. Ho  

 
Table C.26: E.E.P. Energy Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 2.34E+08 5 46748884 19.0 7.25E-11 2.39 
Within Groups 1.33E+08 54 2456622    
       
Total 3.66E+08 59         
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M
table 
va T*s(D) SE lue 

245 4.18 2072 6622
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 5868 Reject Ho  
7D-4D 4395 Reject Ho  
6D-4D 2834 Reject Ho  
5D-4D 1916 C.R. Ho  
3D-4D 1105 C.R. Ho  

 
Table C.27: Ductility Ratio Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 1.515378 4 0.378845 1.97 0.116 2.58 
Within Groups 8.662245 45 0.192494    
       
Total 10.17762 49         

 
Table C.28: Ductility Ratio Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.974294 5 0.994859 6.06 0.0002 2.39 
Within Groups 8.866205 54 0.164189    
       
Total 13.8405 59         

 

M
table 
va T*s(D) SE lue 

0.164 4.18 0.54 189
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 0.59 Reject Ho  
7D-4D 0.71 Reject Ho  
6D-4D 0.55 Reject Ho  
5D-4D 0.43 C.R. Ho  
3D-4D 0.95 Reject Ho  

 

 

 254



Appendix C – Statistical Data for Cyclic Tests 

C.3 Expected Yield Mode IV 

Table C.29: Maximum Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 61321508 4 15330377 11.07 2.45E-06 2.58 
Within Groups 62305434 45 1384565    
       
Total 1.24E+08 49         

 

MSE
table 
value T*s(D)  

13845 4.025 1497.69 65
    
    

  
Diff. in 
Means Null Hyp.  

8D-7D 963 C.R. Ho  
7D-6D 603 C.R. Ho  
6D-5D 653 C.R. Ho  
5D-3D 1050 C.R. Ho  
8D-6D 1566 Reject Ho  
8D-5D 2218 Reject Ho  
8D-3D 3268 Reject Ho  
7D-5D 1255 C.R. Ho  
7D-3D 3268 Reject Ho  
6D-3D 1703 Reject Ho  

 

Table C.30: Maximum Load Statistical Comparisons Including 4D. 

ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 93032091 5 18606418 15.57 1.82E-09 2.39 
Within Groups 64551619 54 1195400    
       
Total 1.58E+08 59         

 

MSE
table 
value T*s(D)  

119540 4.18 1497.08 0
    
    

 
Diff. in 
Means Null Hyp.  

8D-4D 348 C.R. Ho  
7D-4D 1310 C.R. Ho  
6D-4D 1913 Reject Ho  
5D-4D 2566 Reject Ho  
3D-4D 3616 Reject Ho  

 255



Appendix C – Statistical Data for Cyclic Tests 

Table C.31: Failure Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 39245765 4 9811441 11.1 2.45E-06 2.58 
Within Groups 39875478 45 886122    
       
Total 79121243 49         

 

M
table 
va T*s(D) SE lue 

88 4 5 6122 .025 1198.1
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 770 C.R. Ho  
7D-6D 482 C.R. Ho  
6D-5D 522 C.R. Ho  
5D-3D 840 C.R. Ho  
8D-6D 1252 Reject Ho  
8D-5D 1774 Reject Ho  
8D-3D 2615 Reject Ho  
7D-5D 1004 C.R. Ho  
7D-3D 2615 Reject Ho  
6D-3D 1362 Reject Ho  

 
Table C.32: Failure Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 59540471 5 11908094 15.6 1.82E-09 2.39 
Within Groups 41313036 54 765056    
       
Total 1.01E+08 59         

 

M
table 
va T*s(D) SE lue 

76 4 7 5056 .18 1156.1
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 278 C.R. Ho  
7D-4D 1048 C.R. Ho  
6D-4D 1531 Reject Ho  
5D-4D 2053 Reject Ho  
3D-4D 2893 Reject Ho  
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Table C.33: E.E.P. Yield Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 41279167 4 10319792 11.5 1.64E-06 2.58 
Within Groups 40420972 45 898243.8    
       
Total 81700139 49         

 

M
table 
va T*s(D) SE lue 

8982 4.025 1206.32 43.8
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 788 C.R. Ho  
7D-6D 493 C.R. Ho  
6D-5D 619 C.R. Ho  
5D-3D 748 C.R. Ho  
8D-6D 1281 Reject Ho  
8D-5D 1900 Reject Ho  
8D-3D 2648 Reject Ho  
7D-5D 1112 C.R. Ho  
7D-3D 2648 Reject Ho  
6D-3D 1367 Reject Ho  

 
Table C.34: E.E.P. Yield Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 80836277 5 16167255 20.2 2.74E-11 2.39 
Within Groups 43309612 54 802029.8    
       
Total 1.24E+08 59         

 

M vaSE table lue T*s(D) 
802029. 4.18 1183.78 8

    
    

 
Diff in 
Means Null Hyp.  

8D-4D 855 C.R. Ho  
7D-4D 1643 Reject Ho  
6D-4D 2137 Reject Ho  
5D-4D 2756 Reject Ho  
3D-4D 3503 Reject Ho  
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Table C.35: 5% Offset Load Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 8356920 4 2089230 2.664516 0.04445 2.578739 
Within Groups 35284215 45 784093.7    
       
Total 43641135 49         

 

M
table 
v T*s(D) SE alue 

784 4 1127.07 093.7 .025 
    
    

  
Diff in 
Means Null Hyp.  

8D-7D 812 C.R. Ho  
7D-6D 287 C.R. Ho  
6D-5D 281 C.R. Ho  
5D-3D 436 C.R. Ho  
8D-6D 525 C.R. Ho  
8D-5D 806 C.R. Ho  
8D-3D 1242 Reject Ho  
7D-5D 5 C.R. Ho  
7D-3D 1242 Reject Ho  
6D-3D 717 C.R. Ho  

 
Table C.36: 5% Offset Load Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 79989681 5 15997936 24.12059 3.23E-13 2.36827 
Within Groups 39794889 60 663248.1    
       
Total 1.2E+08 65         

 

M
table 
v T*s(D) SE alue 

663 1076.50 248.1 4.18 
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 2102 Reject Ho  
7D-4D 2914 Reject Ho  
6D-4D 2627 Reject Ho  
5D-4D 2908 Reject Ho  
3D-4D 3344 Reject Ho  
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Table C.37: Elastic Stiffness Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 4.04E+08 4 1.01E+08 1.48 0.22446 2.58 
Within Groups 3.07E+09 45 68265393    
       
Total 3.48E+09 49         

 
Table C.38: Elastic Stiffness Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 8.34E+08 5 1.67E+08 2.46 0.045 2.39 
Within Groups 3.67E+09 54 67941599    
       
Total 4.5E+09 59         

 

M
table 
va T*s(D) SE lue 

6794 895.42 1599 4.18 10
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 9044 C.R. Ho  
7D-4D 1580 C.R. Ho  
6D-4D 8627 C.R. Ho  
5D-4D 8956 C.R. Ho  
3D-4D 7725 C.R. Ho  

 
Table C.39: E.E.P. Energy Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 15891289 4 3972822 10.5 4.47E-06 2.58 
Within Groups 17095855 45 379908    
       
Total 32987145 49         

 
 
 

 

M
table 
v T*s(D) SE alue 

379 4 784.52 907.9 .025 
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Diff in 
Means Null Hyp.  

8D-7D 393 C.R. Ho  
7D-6D 649 C.R. Ho  
6D-5D 293 C.R. Ho  
5D-3D 137 C.R. Ho  
8D-6D 1042 Reject Ho  
8D-5D 1334 Reject Ho  
8D-3D 1472 Reject Ho  
7D-5D 941 Reject Ho  
7D-3D 1472 Reject Ho  
6D-3D 430 C.R. Ho  

 
Table C.40: E.E.P. Energy Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 15894104 5 3178821 9.41 1.71E-06 2.39 
Within Groups 18241130 54 337799    
       
Total 34135233 59         

 

M
table 
v T*s(D) SE alue 

337 4 768.25 798.7 .18 
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 867 Reject Ho  
7D-4D 473 C.R. Ho  
6D-4D 175 C.R. Ho  
5D-4D 468 C.R. Ho  
3D-4D 605 C.R. Ho  

 
Table C.41: Ductility Ratio Statistical Comparisons Not Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 1.339829 4 0.335 2.73 0.041 2.58 
Within Groups 5.530751 45 0.123    
       
Total 6.87058 49         

 

MSE
table 
value  T*s(D) 

0.12 4.025 0.45 3 
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Diff in 
Means Null Hyp.  

8D-7D 0.16 C.R. Ho  
7D-6D 0.37 C.R. Ho  
6D-5D 0.09 C.R. Ho  
5D-3D -0.15 C.R. Ho  
8D-6D 0.21 C.R. Ho  
8D-5D 0.30 C.R. Ho  
8D-3D 0.15 C.R. Ho  
7D-5D 0.47 Reject Ho  
7D-3D 0.15 C.R. Ho  
6D-3D -0.06 C.R. Ho  

 
Table C.42: Ductility Ratio Statistical Comparisons Including 4D. 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Between Groups 2.439578 5 0.488 4.51 0.002 2.39 
Within Groups 5.836311 54 0.108    
       
Total 8.275889 59         

 

M
table 
va T*s(D) SE lue 

0.1 4.1 0.43 0808 8 
    
    

 
Diff in 
Means Null Hyp.  

8D-4D 0.46 Reject Ho  
7D-4D 0.63 Reject Ho  
6D-4D 0.25 C.R. Ho  
5D-4D 0.16 C.R. Ho  
3D-4D 0.32 C.R. Ho  
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