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4.2.33 Data Set 33, Honolulu Rail Transit Project, H-4 

 
Figure 4.98 Data set 33 design curves. 

 

 

 

 
 

Figure 4.99 Data set 33 tri-axis plots. 
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Figure 4.98 shows the tri-axis plots for data set 33. Both the pressure vs. volume and  

volume vs. displacement graphs show horizontal trends supporting end bearing failure or piping. 

Also, both the pressure vs. volume and pressure vs. uplift graphs show spikes in pressure without 

an associated uplift or volume increase which indicates a grout line blockage. Effective pressure 

was chosen as 550 psi and the maximum field recorded pressure was 675 psi. 

 
Figure 4.100 Data set 33 predicted/design and load test response (top); bias vs disp. (bottom) 
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4.2.34 Data Set 34, Honolulu Rail Transit Project, H-6 

 
Figure 4.101 Data set 34 design curves. 

 

 

 

 
Figure 4.102 Data set 34 tri-axis plots. 
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Figure 4.101 shows the tri-axis plots for data set 34. As shown in the figure, the pressure vs 

volume and volume vs. displacement graphs show horizontal trends supporting an end bearing 

failure or piping / migration. Also, both the pressure vs. volume and pressure vs. uplift graphs 

show spikes in pressure indicating a grout line blockage. Similar to data set 33,  an effective 

pressure of 550 psi and a maximum field recorded pressure of 675 psi was taken. 

 
Figure 4.103 Data set 34 predicted/design and load test response (top); bias vs disp. (bottom) 
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4.2.35 Data Set 35, Honolulu Rail Transit Project, H-7  

 
Figure 4.104 Data set 35 design curves. 

 

 

 

 
Figure 4.105 Data set 35 tri-axis plots. 
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Figure 4.104 shows the grouting quality assurance plots for data set 35. Effective pressure 

was selected based on the volume versus pressure graphs where the effective pressure was taken 

as 500 psi and peak pressure was 700 psi. However, with a very small or no displacement/uplift 

during grouting it is likely the displacement measuring system was not working. This can be caused 

by an excessively unbalanced amount of side shear (long shaft), the anticipated/calculated pressure 

was well in line with the measured levels. An alternate explanation would indicate the small 

amount of grout volume did not cover the entire base of the shaft and therefore produced a small 

uplift force. 

 
Figure 4.106 Data set 35 predicted/design and load test response (top); bias vs disp. (bottom) 
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4.2.36 Data Set 36, Honolulu Rail Transit Project, H-15 

 
Figure 4.107 Data set 36 design curves. 

 

 

 

 
Figure 4.108 Data set 36 tri-axis plots. 
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Figure 4.107 shows the grouting quality assurance plots for data set 36. Effective pressure 

was selected based on the volume versus pressure graphs where the effective pressure was taken 

as 400 psi and peak pressure was 600 psi. Similar to data set 35, there was no displacement/uplift 

during grouting indicating that the displacement measuring system was not working.  

 
Figure 4.109 Data set 36 predicted/design and load test response (top); bias vs disp. (bottom) 
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4.3 Bias Factors  

The bias was computed using the measured load, and predicted capacity of the 36 subject 

shafts at each of 7 different displacements. Therein capacity both measured and predicted is not 

simply one number but rather a function of shaft displacement. Displacement values were selected 

on the basis of a function of shaft diameter percentage which normalizes all shaft sizes to a 

common variable. These values were selected as 0.3, 1, 2, 3, 4, and 5%D. As some designers 

arbitrarily assume 1inch to be an acceptable service limit, 1 inch has also been included for each 

case, but note this is not a truly comparable value when considering the percentage of shaft 

diameter. Tables 4.2-4.4 summarize the bias values for three grout pressures: effective, maximum 

field and maximum calculated / design, respectively.  
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Table 4.2 Shaft bias versus percent displacement for effective pressure. 

 

1 inch 0.30% 1% 2% 3% 4% 5%

1 Royal Park Bridge LT-2 2.500 1.324 2.461 2.427 2.109 1.901 1.751

2 LT-3 1.216 1.122 1.216 - - - -

3 PGA LT-2 0.882 0.510 0.833 0.893 0.858 0.827 -

4 Iowa TS-4 4.250 5.868 4.531 3.909 3.500 3.091 2.682

5 Gerald Desmond TP-2 1.190 1.731 1.247 1.101 1.054 1.009 0.986

6 TS-3C 1.431 1.440 1.432 1.370 1.276 1.204 1.161

7 Huey P. Long TS-1 1.526 1.888 1.439 1.256 1.204 1.194 1.210

8 TXDOT S-2 1.220 1.551 1.378 1.229 1.117 1.039 0.986

9 Nachez S-1 2.385 2.640 - - - - -

10 Clearwater Site I FJ-1 0.928 1.324 1.314 1.139 1.013 - -

11 FJ-2 1.341 1.365 1.615 1.408 1.249 1.128 -

12 SP-1 1.080 1.042 1.246 1.207 1.132 1.057 -

13 SP-2 1.016 0.531 0.849 0.935 0.966 - -

14 Clearwater Site II FJ-1 1.079 0.412 1.336 1.077 1.010 1.081 1.204

15 SP-1 2.080 1.072 1.861 2.017 2.067 2.070 1.963

16 Flagler S-1 3.847 1.698 3.387 - - - -

17 WPB Airport S-1 0.846 0.990 0.964 0.855 0.760 0.685 -

18 Plant Daniel 501 1.403 1.242 1.498 - - - -

19 528 1.470 1.277 1.470 - - - -

20 530 1.590 1.277 1.518 - - - -

21 Southern 80 SR S-1 - - - - - - -

22 S-2 4.822 2.866 4.329 - - - -

23 S-3 - 2.700 3.137 - - - -

24 Overland S-1 4.968 4.851 4.968 - - - -

25 S-2 5.318 6.661 5.318 - - - -

26 S-3 2.290 3.428 2.290 - - - -

27 Carolina Bay S-1 2.106 2.529 2.106 - - - -

28 Gilmerton S-1 1.873 2.012 1.210 - - - -

29 Peninsula S-1 3.533 1.712 3.368 - - - -

30 WestRail 41E 4.248 3.501 3.501 - - - -

31 41W 3.829 3.499 2.580 - - - -

32 Honolulu H-3 1.256 1.655 1.270 1.056 - - -

33 Honolulu H-4 0.901 1.028 0.929 0.752 - - -

34 Honolulu H-6 2.375 - - - - - -

35 Honolulu H-7 1.408 1.739 1.374 1.117 - - -

36 Honolulu H-15 1.209 1.466 1.218 1.029 0.896 0.804 -

Avg 2.16 2.06 2.10 1.38 1.35 1.31 1.49

STD Dev 1.34 1.44 1.26 0.75 0.71 0.67 0.60

CoV 0.62 0.70 0.60 0.55 0.53 0.51 0.40

Data Set Project Shaft ID
BIAS
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Table 4.3 Shaft bias versus percent displacement for maximum field pressure. 

 
 

 

 

 

1 inch 0.30% 1% 2% 3% 4% 5%

1 Royal Park Bridge LT-2 1.892 0.975 1.843 2.015 2.094 2.146 2.175

2 LT-3 0.632 0.536 0.632 - - - -

3 PGA LT-2 0.680 0.353 0.584 0.657 0.708 0.771 -

4 Iowa TS-4 2.838 3.619 2.981 2.867 2.901 2.935 2.970

5 Gerald Desmond TP-2 0.622 0.730 0.624 0.788 0.960 1.081 1.189

6 TS-3C 0.783 0.704 0.796 1.103 1.300 1.439 1.559

7 Huey P. Long TS-1 0.766 0.873 0.738 0.834 0.999 1.152 1.305

8 TXDOT S-2 1.735 1.551 1.387 1.710 1.897 2.030 2.147

9 Natchez S-1 2.385 2.640 - - - - -

10 Clearwater Site I FJ-1 1.907 1.324 1.433 1.651 1.827 - -

11 FJ-2 2.204 1.365 1.835 2.139 2.318 2.471 -

12 SP-1 1.439 0.976 1.172 1.272 1.403 1.489 -

13 SP-2 1.323 0.503 0.807 0.975 1.194 - -

14 Clearwater Site II FJ-1 1.817 0.412 1.336 1.312 1.497 1.824 2.239

15 SP-1 2.422 0.860 1.511 1.770 2.166 2.454 2.558

16 Flagler S-1 3.188 1.377 2.790 - - - -

17 WPB Airport S-1 0.943 0.891 0.876 0.938 1.009 1.036 -

18 Plant Daniel 501 1.003 0.844 1.065 - - - -

19 528 1.331 1.140 1.331 - - - -

20 530 1.438 1.140 1.374 - - - -

21 Southern 80 SR S-1 4.027 2.406 4.027 - - - -

22 S-2 5.205 2.866 4.329 - - - -

23 S-3 - 2.506 3.044 - - - -

24 Overland S-1 3.644 3.398 3.644 - - - -

25 S-2 2.863 3.201 2.863 - - - -

26 S-3 2.475 3.280 2.475 - - - -

27 Carolina Bay S-1 2.034 2.427 2.034 - - - -

28 Gilmerton S-1 1.873 2.012 1.210 - - - -

29 Peninsula S-1 3.347 1.614 3.190 - - - -

30 WestRail 41E 1.264 1.166 1.166 - - - -

31 41W 1.148 - 0.858 - - - -

32 Honolulu H-3 0.979 1.249 0.992 0.837 - - -

33 Honolulu H-4 0.775 0.889 0.797 0.654 - - -

34 Honolulu H-6 1.965 2.102 - - - - -

35 Honolulu H-7 1.060 1.279 1.036 0.856 - - -

36 Honolulu H-15 0.938 1.119 0.945 0.807 0.707 0.637 -

Avg 1.86 1.55 1.70 1.29 1.53 1.65 2.02

STD Dev 1.08 0.93 1.05 0.61 0.65 0.72 0.62

CoV 0.58 0.60 0.62 0.48 0.42 0.44 0.31

Data Set Project Shaft ID
BIAS



127 

 

   Table 4.4 Shaft bias versus percent displacement for maximum calculated design pressure. 

 
 

 

1 inch 0.30% 1% 2% 3% 4% 5%

1 Royal Park Bridge LT-2 1.711 0.874 1.661 1.671 1.467 1.331 1.232

2 LT-3 0.538 0.451 0.538 - - - -

3 PGA LT-2 0.845 0.487 0.797 0.856 0.822 0.794 -

4 Iowa TS-4 0.687 0.786 0.707 0.642 0.588 0.535 0.481

5 Gerald Desmond TP-2 0.628 0.767 0.641 0.617 0.614 0.602 0.597

6 TS-3C 0.783 0.704 0.792 0.814 0.785 0.756 0.738

7 Huey P. Long TS-1 0.500 0.555 0.486 0.463 0.465 0.474 0.489

8 TXDOT S-2 1.980 3.074 2.407 2.005 1.763 1.607 1.504

9 Nachez S-1 1.799 1.985 - - - - -

10 Clearwater Site I FJ-1 0.876 1.215 1.223 1.068 0.954 - -

11 FJ-2 1.892 2.286 2.453 2.012 1.741 1.541 -

12 SP-1 1.892 2.110 2.362 2.188 2.000 1.840 -

13 SP-2 1.968 1.207 1.788 1.876 1.886 - -

14 Clearwater Site II FJ-1 1.258 0.511 1.600 1.272 1.183 1.260 1.400

15 SP-1 2.279 1.195 2.059 2.221 2.269 2.268 2.148

16 Flagler S-1 4.106 1.829 3.624 - - - -

17 WPB Airport S-1 0.995 1.207 1.150 1.006 0.888 0.797 -

18 Plant Daniel 501 1.290 1.126 1.376 - - - -

19 528 - - - - - - -

20 530 - - - - - - -

21 Southern 80 SR S-1 - - - - - - -

22 S-2 - - - - - - -

23 S-3 - - - - - - -

24 Overland S-1 3.990 3.765 3.990 - - - -

25 S-2 4.121 4.876 4.121 - - - -

26 S-3 1.751 2.487 1.751 - - - -

27 Carolina Bay S-1 1.432 1.631 1.432 - - - -

28 Gilmerton S-1 2.677 2.884 1.702 - - - -

29 Peninsula S-1 4.419 2.195 4.228 - - - -

30 WestRail 41E 1.669 1.515 1.515 - - - -

31 41W 1.514 1.403 1.114 - - - -

32 Honolulu H-3 1.308 1.730 1.328 1.096 - - -

33 Honolulu H-4 1.726 2.417 1.806 1.340 - - -

34 Honolulu H-6 0.760 0.817 - - - - -

35 Honolulu H-7 0.491 0.573 0.482 0.410 - - -

36 Honolulu H-15 0.226 0.259 0.227 0.200 0.178 0.162 -

Avg 1.68 1.58 1.70 1.21 1.17 1.07 1.07

STD Dev 1.14 1.06 1.11 0.65 0.64 0.62 0.60

CoV 0.68 0.67 0.65 0.54 0.54 0.57 0.56

Data Set Project Shaft ID
BIAS
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Figures 4.109 - 4.111 show the resistance factor computed using equation 2.15a for the same 

three pressures (effective, maximum field, and maximum calculated respectively) all as a function 

of the reliability index varying from 1 to 4.  

 

 
 

Figure 4.110 Resistance factor vs target reliability graph for effective pressure. 
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Figure 4.111 Resistance factor vs target reliability graph for maximum field pressure. 

 

 

 

 
Figure 4.112 Resistance factor vs target reliability graph for maximum calculated pressure. 
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