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June 2, 2006

Ohio Department of Transportation
5500 Transportation Boulevard
Garfield Heights, Ohio  43215

Attn: Mr. Mike Malloy

Re: CUY-90-1524
Central Viaduct
PID No. 20752
Monitoring Services
Annual Report

Dear Mr. Malloy:

Enclosed are two (2) copies of the following information:

• BBC&M Engineering, Inc.’s Annual Report dated May 2006 with information on the
inclinometer readings taken through April 2006.

• Richland Engineering Limited schematic drawings of span 1 and 2, north and south truss
measurements; relative span lengths; deck expansion joint openings; seat elevations;
tabulations of pier location data; and plots of pier location data through October 2005.

• A. Huckelbridge tiltmeter data for pier 1 and the west end pier from July 27, 1999 through
May 3, 2006.

• R. Liang's annual instrumentation monitoring report dated May 2006.

• CD containing electronic files of the letter and annual report in .pdf format.

Note:  For discussion, North is assumed to the left, perpendicular to the local centerline of bridge,
toward Lake Erie.

The rock anchors were tensioned in April 1999 which put the stabilization structure in service.  Site
grading work was complete in May 1999.  The span 1 superstructure was relocated in August 1999.
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A "West End Slope and Substructure Evaluation" May 2005 was prepared by Richland Engineering
Limited, BBC&M Engineering, Inc., Arthur Huckelbridge, and Robert Liang.  The study was
prepared for ODOT and evaluated the suitability of the existing west end pier, pier 1, west end slope,
and slope stabilization structure for reuse in a rehabilitated structure.

The last annual report was dated May 25, 2005, for data collected through April 2005.

We have the following observations on the data collected:

1. A shallow failure plane is evident in data from inclinometers B-203, B-303, and B-110.  B-203
and B-303 are located upslope of pier 1 and show an average rate of movement at the shallow
failure plane of 0.06 inches per year.  B-110 was destroyed in mid-March 2006, by excavation
activities performed to repair a failed bulkhead to the north.  Inclinometer B-110 was located
north of pier 1 and showed an average rate of movement at the shallow failure plane of 0.15
inches per year.

2. A deep failure plane is evident in data from inclinometers B-102, B-105, B-107, B-108, B-110,
B-203, B-204, and B-303.  B-102 and B-107 are located at the top of the slope west of the west
end pier and show an average rate of movement at the deep failure plane of 0.02 inches per
year.  B-203 and B-303 are located upslope of pier 1 and show an average rate of movement
at the deep failure plane of 0.08 inches per year.  B-204 is located between the pier 1 legs and
shows an average rate of movement at the deep failure plane of 0.05 inches per year.
Inclinometer B-105 is located south of the drilled shaft structure and shows an average rate of
movement at the deep failure plane of 0.20 inches per year.  Inclinometer B-108 is located
north of the anchor structure and shows an average rate of movement at the deep failure plane
of 0.03 inches per year.  Inclinometer B-110 was located north of pier 1 and shows an average
rate of movement at the deep failure plane of 0.01 inches per year.

3. Inclinometer B-105 and B-108 can no longer be read due to deflection of the casings.

4 The movement rates at the shallow and deep failure planes have been consistent or slightly
decreased since 1999.

5. Inclinometer B-101, at the top of the slope west of the west end pier, has shown no significant
movement since it was installed.

6. BBC&M’s inclinometer P#9N is the same inclinometer tube as Dr. Liang’s inclinometer #9B.
The readings are consistent and similar showing about 0.4 inch top displacement and a bending
deflection 50 feet down the shaft of about 0.8 inch.

7. Piezometer readings have shown no significant change from previous readings.  The maximum
change in water elevation during the past year occurred in B-105 blue and varied by 1.9 feet.
Piezometers B-105 pink and B-105 blue continue to indicate an elevated water level. 
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8. The Calipered  Crack Distance measurements at the top of the concrete slope protection by the
west end pier show no significant change.  The measurements are showing an average
movement of 0.06 inches per year since 1999.

9. No aggregate piles were observed at the site in the area adjacent to the south right of way fence
in April 2006.  A large aggregate pile was observed in April and  July 2001, January 2002,
September and October 2003, and January 2004, south of the right of way fence.  No large
aggregate pile has been observed in the area since January 2004.  A relatively small aggregate
pile was observed in July and October, 2005, and February, 2006.

10. Comparing October 2005 survey measurements with October 2000 data, it appears that the
west end pier and/or pier 1 have moved in relation to each other with the span 1 distance
increasing and the span 2 distance decreasing about 0.64 inches.

11. No significant change in the position of the west end pier legs or rockers has been measured
since October 2000.

12. The position of the top of each of the north and south legs of pier 1 appear to have moved
toward the river approximately 0.70 inches and 0.94 inches, respectively, since October 2000.

13. The drilled shaft structure appears to be rotating with the south end moving ahead of the north
end about 0.72 inches since October 2000.

14. There has been no significant change (less than 0.4 inches) in the pier seat elevations.

15. In 1999, truss span 1 and 75% of span 2 were relocated to the west by approximately 3 inches
to reopen the expansion joint in span 2.  Since the relocation, maximum expansion joint
openings have been measured of 2.38 inches at the north  curb and 1.88 inches at the south
curb.  During the past year the openings varied from 0.75 inch to 1.75 inches at the north curb
and 0.38 inch to 1.13 inches at the south curb for steel temperatures ranging between 26/ and
74/F.  It appears that about 0.63 inches of expansion opening has been lost since October 2000.

16. Tiltmeter readings have been relatively steady for the past year showing rates and magnitudes
of movement similar to past readings with the exception of tiltmeter #1.  Tiltmeter #1 had a
westward tilt, correcting the previous 15 months of continuous eastward tilt.  There is
indication of movement of the top of the pier 1 legs with temperature changes.  The west end
pier legs appear to be continuing their long-term trends of spreading (north west end pier
tilting to the north and south west end pier tilting toward the south) and both west end piers
tilting toward the river.  The truss and approach span superstructures have rocker nests to
accommodate movement in the transverse direction, minimizing the impact of the west end
pier tilting on the structure.
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17. The instrumentation readings in the rock anchors, driven piles, and tieback beams have been
steady.  The instrumentation readings in the drilled shafts have shown a continued increase in
bending moments.  Inclinometers in the drilled shafts are also showing increased deflections.

18. The 17 rock anchors are made up of 16 strands of 0.6 inch diameter 270 ksi steel material.  The
anchors were initially tensioned to ±10% of the design load.  Actual measured values in the
4 anchors being monitored were 490 kips to 600 kips at lock-off.  After initial losses the
anchors had a gradual reduction in load on the order of 3% to 9% in the first year.  Present
load levels in the anchors being monitored are 365 kips to 487 kips.  The rock anchor loads
continue to decrease at a slow rate. 

19. The 34 anchor structure piles are HP14x89 steel piles.  Actual measured values in the 5 piles
being monitored were 370 kips to 470 kips for piles #17, 18, 19, and 34 with pile #1 measured
at 606 kips.  There is significant bending (up to 203 kip-ft.) in some of the piles at the gage
locations.  The gages are located at the top of the pile.  The pile loads have increased very
slowly since the stabilization structure was loaded.

20. The tiebacks that are being monitored between the anchor structure and the drilled shaft
structure are W8x35 rolled steel sections.  Actual measured values in the 5 tiebacks being
monitored were 112 kips to 144 kips at the anchor structure end, and 39 to 113 kips at the
drilled shaft structure end.  There is significant bending (up to 52 kip-ft.) in the tiebacks at the
gage locations at the ends of the tiebacks.  There is less bending in the tiebacks at the drilled
shaft structure end.  The tieback loads increased with time for the first year, but have become
steady over the past four years with one exception.  The load in tieback #26 has continued to
slowly increase on the driven pile end cap.  The tieback forces oscillate through one cycle in
a year due to the seasonal change in temperature.  The tieback forces are up to 20  kips higher
during the winter than in the summer months.

21. There are seventeen 72 inch diameter reinforced concrete filled drilled shafts in the drilled
shaft structure.  Actual moments measured in the drilled shafts were a maximum of 1,800 kip-
feet at a depth of 95 feet in Shaft #9.  The moments in the drilled shafts have been increasing
with time at a fairly constant rate.

22. Dr. Liang has been monitoring 7 inclinometers in 6 of the drilled shafts.  The inclinometers
indicate a gradual change in the deflection of the shafts with deflection at the top varying from
0.2 to 1.2 inches and the maximum deflection below the top of the shaft at 1.6 inches in the
longitudinal direction.

We have the following comments regarding the evaluation and monitoring data:

1. There is movement at the shallow failure plane within the influence of the stabilization
structure, but it is moving at a slower rate than the adjacent soil mass.  The movement is at a
consistent rate of about 0.06 inches per year.
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2. There is movement at the deep failure plane within the influence of the stabilization structure,
but it is also moving at a slower rate than the adjacent soil mass.  The movement is at a
consistent rate of about 0.05 inches per year.

3. The tops of the west end pier legs have not moved significantly since October 2000, the year
after the superstructure was relocated.

4. The tops of the pier 1 legs have moved toward the river and closed the span 2 expansion joint
about 0.63 inches since October 2000.

5. The pier 1 and truss superstructure instrumentation performed for the "West End Slope and
Substructure Evaluation Study" has shown that the tops of the pier 1 legs are moving west and
east with expansion and contraction movement of the steel superstructure.  The movement and
horizontal thrust in the superstructure varies with temperature.

6. The substructure stabilization structure was originally designed using “LPILE” computer
software to calculate forces and member design loads.  The Contractor was given loads and
designed the rock anchors, anchor structure and tiebacks to resist those loads.

Under a separate ODOT sponsored research project Dr.Robert Liang prepared a finite element
analysis of the stabilization structure as it was being constructed (“Long Term Monitoring at
CUY-90-15.24 Bridge Project,” December 31, 1999).

The original design loads, the finite element analysis (FEA), and the range of measured values
are compared in the attached table.

a. Rock anchor loads are less than design and FEA values and continue to decrease at a slow
rate.

b. The loads in the piles are higher than expected.  The anchor structure pile gages are located
near the top of the piles in an area of localized bending.  The combined axial load and
bending may have exceeded the 36 ksi yield value of the steel.  However, the piles will
redistribute the load in the redundant system through yielding before failure would occur.

c. The axial tension in the tiebacks is less than the design load and slightly higher than the
loads calculated by FEA.  Again, combined axial load and bending may approach yield at
isolated locations, but the members should not fail.

d. The moment in the piles and tiebacks and the bending in the drilled shafts indicates a
rotation of the anchor structure concrete cap about the transverse axis of the cap.

e. The drilled shaft measured moments and deflections are well below the design values.  The
increasing moments and deflections measured in the drilled shafts both indicate increased
bending in the shafts.  The bending is expected as the soil mass lateral loading is gradually
transferred to the drilled shafts.  The rate of moment increase appears to be constant.

7. The stabilization structure is currently performing adequately with only some minor concern
for the high loads in the anchor structure piles.  The stabilization structure has slowed the rate
of creep movement in the soil mass within its influence.





COMPARISON OF MEMBER LOADS
DESIGN VALUES AND MEASURED VALUES

CUY-90-1524 SLOPE STABILIZATION STRUCTURE

April 2004April 2003January 2002January 2001FINITE ELEMENT
MEASUREDMEASUREDMEASUREDMEASUREDANALYSISDESIGNMEMBER

370 to 494 kip380 to 501 kips400 to 510 kips430 to 530 kips550 kips550 kipsRock Anchors

Anchor Structure Piles
368 to 594 kip365 to 585 kips362 to 583 kips358 to 566 kips310 kips279 kipsAxial Load

49 to 199 kip-f49 to 192 kip-feet8 to 191 kip-feet32 to 192 kip-feet80 kip-feetNoneMoment

Tiebacks
111 to 139 kip108 to 134 kips99 to 124 kips101 to 124 kips100 kips192 kipsAxial Load - Anchor End
45 to 113 kip46 to 110 kips55 to 112 kips58 to 111 kips100 kips192 kipsAxial Load - Drilled Shaft End

14 to 49 kip-fe14 to 48 kip-feet13 to 43 kip-feet13 to 42 kip-feet80 kip-feetNoneMoment - Anchor End
1 to 30 kip-fe2 to 29 kip-feet1 to 30 kip-feet1 to 29 kip-feet80 kip-feetNoneMoment - Drilled Shaft End

Drilled Shafts
0.1 to 1.1 inc-0.1 to 0.7 inch-0.2 to 0.6 inch0.2 inch0.4 inch2.0 inchDeflection at Top

1.5  inch1.3  inch1.0  inch0.4 inch0.1 inch4.0 inchMaximum Deflection Below Top
1,600 kip-fee1,400 kip-feet1,045 kip-feet1,000 kip-feet800 kip-feet3,141 kip-feetMaximum Moment

3,250 kips3,000 kips2,382 kips1,100 kips420 kips458 kipsMaximum Axial Force

100109compare.qpw





















 
 
 
 
 

APPENDIX 
(listed in order, CI = Cumulative and Incremental Displacement Plot,  

TD = Time-Displacement Plot) 
 
 
 

-Bridge Plan 
-B-101 A-Axis - CI 
-B-101 B-Axis - CI 
-B-102 A-Axis - CI 
-B-102 B-Axis - CI 
-B-102 A-Axis - TD 
-B-105 A-Axis - CI 
-B-105 B-Axis - CI 
-B-105 A-Axis - TD 
-B-107 A-Axis - CI 
-B-107 B-Axis - CI 
-B-107 A-Axis - TD 
-B-108 A-Axis - CI 
-B-108 B-Axis - CI 
-B-108 A-Axis - TD 
-B-110 A-Axis - CI 
-B-110 B-Axis - CI 
-B-110 A-Axis - TD 

-B-203 A-Axis - CI 
-B-203 B-Axis - CI 
-B-203 A-Axis - TD 
-B-204 A-Axis - CI 
-B-204 B-Axis - CI 
-B-204 A-Axis - TD 
-B-303 A-Axis - CI 
-B-303 B-Axis - CI 
-B-303 A-Axis - TD 
-P-9N A-Axis - CI 
-P-9N B-Axis - CI 
-Linear Regression and 95% -
Confidence Interval Plot for B-
303 
-Calipered Surface Distance 
Table 
-Left Calipered Location Plot 
-Right Calipered Location Plot
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P-9N

B-105

B-204

B-101
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B-110

Right Calipered Location
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--Y/N150P-9N

1Y/Y180B-303

--Y/N134B-204
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--Y/N224B-102
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No. of 
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Inclinometer/
Piezometer 

Active?
Dept
h (ft)

Active 
Inclinometers

Note:  Inclinometers B-105, B-108, and B-110 (destroyed) will no 
longer be monitored by BBCM.  Replacement inclinometers for B-
105 and B-108 are planned to be installed by the end 
of May, 2006.

Inactive Inclinometer

Active Inclinometer



B-101
-Includes readings from the last four quarters.
-Data sets not corrected for "depth-positioning" error.
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B-101
-Includes readings from the last four quarters.
-Data sets not corrected for "depth-positioning" error.
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B-102
-Includes readings from the last four quarters.
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B-102
-Includes readings from the last four quarters.

B-102  B-Axis
0

20

40

60

80

100

120

140

160

180

200

220

240

D
ep

th
 in

 fe
et

-1.0 -0.5 0.0 0.5 1.0

Cumulative Disp. (in) from 10/4/1994

7/12/2005
10/10/2005
1/4/2006
4/18/2006

B-102  B-Axis
0

20

40

60

80

100

120

140

160

180

200

220

240

D
ep

th
 in

 fe
et

-0.5 0.0 0.5 1.0

Incremental Disp. (in) from 10/4/1994

7/12/2005
10/10/2005
1/4/2006
4/18/2006



B-102 Time-Displacement A-Axis
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B-105

-Plot shows one reading from the last four quarters it was monitored.
-To be replaced.  Is no longer monitored by BBCM.
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B-105

-Plot shows one reading from the last four quarters it was monitored.
-To be replaced.  Is no longer monitored by BBCM.
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B-105 Time-Displacement A-Axis
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Note: This is the final time-displacement plot through October 2005 as BBCM is no longer monitoring this inclinometer.



B-107
-Includes readings from the last four quarters (and in March).
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B-107
-Includes readings from the last four quarters (and in March).
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B-107 Time-Displacement A-Axis
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B-108
-Includes readings from the last four quarters (and in March).
-To be replaced; therefore, will no longer be monitored by BBCM.
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B-108
-Includes readings from the last four quarters (and in March).
-To be replaced; therefore, will no longer be monitored by BBCM.
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B-108 Time-Displacement A-Axis
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Note: This is the final time-displacement plot through April 2006 as this inclinometer is scheduled to be replaced; 
therefore, BBCM will no longer monitor this inclinometer.



B-110
-Inclinometer destroyed in March by excavation activities performed by others.
-Plots shows one reading from the previous four quarters.
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B-110
-Inclinometer destroyed in March by excavation activities performed by others.
-Plot shows one reading from the previous four quarters.
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B-110 Time-Displacement A-Axis
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B-203
-Includes readings from the last four quarters (and in March).
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B-203
-Includes readings from the last four quarters (and in March).
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B-204
-Includes readings from the last four quarters (and in March).
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B-204
-Includes readings from the last four quarters (and in March).
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B-303
-Includes readings from the last four quarters (and in March).
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B-303
-Includes readings from the last four quarters (and in March).
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P-9N
-Includes readings from the last four quarters. 
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P-9N
-Includes readings from the last four quarters.
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Date Present reading    Change (in.) Present reading    Change (in.) Present reading    Change (in.)
10/15/99 6.006 -- Not Accessible 4.575 --
12/27/99 6.025 0.019 Not Accessible 4.579 0.004
04/19/00 6.064 0.039 Not Accessible 4.527 -0.052
07/20/00 6.000 -0.064 Not Accessible 4.516 -0.011
10/26/00 5.876 -0.124 Not Accessible 4.294 -0.222
01/29/01 5.929 0.053 Not Accessible 4.385 0.091
04/17/01 Not Accessible Not Accessible Not Accessible
07/19/01 6.043 0.114 Not Accessible 4.312 -0.073
11/08/01 6.250 0.207 Not Accessible 4.469 0.157
01/23/02 6.253 0.003 Not Accessible 4.518 0.049
04/17/02 6.285 0.032 Not Accessible 4.435 -0.083
07/16/02 6.290 0.005 Not Accessible 4.444 0.009
10/15/02 6.333 0.043 Discontinued 4.482 0.038
01/15/03 6.405 0.072 4.473 -0.009
04/17/03 6.333 -0.072 4.482 0.009
07/18/03 6.186 -0.147 4.350 -0.132
10/16/03 6.385 0.199 4.519 0.169
01/08/04 6.124 -0.261 4.594 0.075
04/14/04 6.129 0.005 4.402 -0.193
07/16/04 6.250 0.122 4.277 -0.125
10/27/04 6.375 0.125 4.467 0.190
01/12/05 6.250 -0.125 4.349 -0.118
04/14/05 6.375 0.125 4.372 0.023
07/14/05 6.313 -0.063 4.392 0.020
10/12/05 6.375 0.063 4.358 -0.034
02/01/06 6.438 0.063 4.395 0.037
04/20/06 6.500 0.125 4.430 0.072

CALIPERED SURFACE DISTANCE TABLE
CUY-90-15.24

Left Pier Calipered Surface 
Distance

Center Line Calipered Surface 
Distance

Right Pier Calipered Surface 
Distance

File Name: 012-00829-100 Caliper Table.xls BBC&M Engineering, Inc. Page 1 of 1
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CUY-90-1524
100109

DECK EXPANSION JOINT OPENINGS
Finger Type Joints

Measurements are in inches.

Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

Expansion
Distance

476 feet 650 feet

Design 60/ 3.25 3.25 3.25 3.25 3.25 3.25

06-01-70 80/ 4.00 0.00 N.A.

09-19-75 60/ 5.25 2.00 N.A.

05-08-78 60/ 4.75 5.50 2.00 2.00 3.25 2.50

07-30-81 75/ 5.50 5.50 2.25 2.25 3.25 2.75

06-09-83 70/ 5.00 5.00 1.50 1.50 2.75 2.25

07-31-85 73/ 5.25 4.75 1.50 1.00 2.75 2.25

10-31-88 40/ 7.75 8.38 1.50 0.75 3.81 3.38

11-01-89 50/ 7.75 7.00 1.13 0.63 3.25 3.13

10-26-90 50/ 7.75 7.25 1.00 0.50 3.00 3.00

09-30-91 55/ 7.50 7.00 0.88 0.00 3.00 3.00

10-13-92 60/ 7.25 6.81 0.63 0.00 2.50 2.50

10-01-93 50/ 7.50 7.13 0.75 0.31 2.75 2.63

09-01-94 63/ 7.25 6.38 0.31 0.00 2.88 1.88

09-08-95 60/ 7.00 6.63 0.44 0.00 2.00 1.88

09-05-96 77/ 6.50 6.63 0.38 0.00 1.25 1.00

09-19-97 75/ 6.88 7.00 0.31 0.06 1.68 1.42

09-24-98 69/ 7.63 7.00 0.00 0.00 1.88 1.75



Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

10-14-99 45/ 6.19 5.50 2.38 1.88 3.13 2.75

10-16-00 55/ 6.00 4.88 1.75 1.25 2.56 2.43

04-23-01 70/ 5.50 4.25 1.38 0.63 2.13 1.75

07-16-01 80/ 5.00 3.88 1.00 0.25 1.50 1.25

10-15-01 50/ 6.63 5.63 1.63 1.06 3.25 2.75

1-15-02 30/ 6.88 6.25 2.13 1.50 3.88 3.50

4-15-02 61/ 6.00 5.25 1.38 0.88 2.50 2.38

7-15-02 76/ 5.13 4.13 1.13 0.50 1.75 1.50

10-17-02 48/ 7.00 6.38 1.75 1.25 3.25 2.88

11-1-02 35/ 7.25 6.13 1.88 1.38 3.63 3.38

1-15-03 7/ 8.13 6.63 2.38 1.88 5.00 4.75

4-15-03 67/ 5.63 4.63 1.25 0.63 2.25 2.00

7-15-03 74/ 5.38 4.38 1.00 0.50 2.00 1.63

10-16-03 46/ 7.00 5.75 1.50 1.13 3.25 3.13

1-15-04 11/ 8.00 6.75 2.00 1.38 4.63 4.00

4-15-04 41/ 6.88 5.75 1.38 0.88 3.50 3.25

7-15-04 67/ 5.63 4.75 1.00 0.50 2.13 1.75

10-15-04 50/ 6.38 5.50 1.25 0.75 3.00 2.75

1-15-05 12/ 7.75 7.00 2.00 1.38 4.63 4.25

4-16-05 47/ 6.50 5.63 1.25 0.75 3.25 2.88

7-16-05 74/ 5.50 4.50 0.75 0.375 1.75 1.63

10-14-05 51/ 6.25 5.50 1.13 0.63 2.81 2.56

1-16-06 26/ 7.63 6.38 1.75 1.13 4.13 3.75

4-14-06 65/ 5.75 4.88 0.75 0.50 2.25 2.00

N.A. - No measurements available



















ARTHUR HUCKELBRIDGE, D.ENG., P.E. 
STRUCTURAL ENGINEER 

2629 WELLINGTON RD. 
CLEVELAND, OH 44118-4120 

TELE:  (216) 321 1844  OR   (216) 368 2474 
FAX:  (216) 368 5229               CELL:  (216) 534 9141 

        E-MAIL:  aah4@case.edu 
 
 
 
 
 
 

May 03, 2006 
 
RE:   CUY-90-15.24 Monitoring 
 
Mr. Dean Palmer, P.E. 
Richland Engineering Limited 
29 N. Park St. 
Mansfield, OH 44902 
 
Dear Dean: 
 
 The most recent tiltmeter readings on the the west abutment and pier 1 of the innerbelt 
bridge were taken of May 3, 2006.  The results are plotted on the enclosed chart.  Noticeable 
changes since the January 2006 reading occurred at the west abutment on tiltmeter #2 
(continuing to tilt “northward”), tiltmeter #4 (continuing to tilt “southward”), tiltmeter #3 (tilting 
“eastward”) and tiltmeter #1 (rather inexplicably correcting itself with a “westward” tilt).  Little 
change was noted for tiltmeters #5 through #8, all located on pier 1. 
 
 Over the past year, since May of 2005, the “continuous” monitoring of pier 1 was 
discontinued and the data logger retrieved.  The “quick-disconnect” electrical connectors were 
again reattached to tiltmeters #5 through #8, such that quarterly readings could again be taken 
with a hand held digital mulit-meter.  Quarterly readings have subsequently been taken. 
 
 In general, over the 12 month period, the tiltmeter readings have been continuing their 
established trends, though, with the exception of tiltmeter #2, at a somewhat decreased rate.  
Tiltmeter #2 is continuing to indicate a steady and on-going “northward” tilt of the northern west 
end abutment structure.  Pier 1 would appear, from the tiltmeter readings, to be stable, although 
from the continuous monitoring in early 2005, it is known that considerable thermal loads are 
applied to pier 1, and substantial short-term thermal movements occur. 
 
 Feel free to contact me should you have questions. 
 
Regards, 
 
 
 
Art Huckelbridge, D.Eng., P.E. 
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I. Introduction 
 
This is an Annual Report on the monitoring results of the stabilization structures at the 

CUY-90-15.24 west end slope for the period between 5/1/2005 and 5/1/2006. The strain 

gages and slope inclinometers (SI) previously installed in the stabilization structures 

between 1997 and 1999 have been monitored continuously. Since the beginning of the 

monitoring, quarterly reports and annual reports have been submitted to document the 

monitoring results.  Although this is the sixth annual report, for completeness, the 

presentation of the monitored and deduced data will cover the period from the beginning 

of monitoring to the last reading taken in April 2006.  

 

The plane view of the general layout of the stabilization structures is shown in Fig. 1, 

where the instrumented foundation structures are marked. A total of five tie-beams were 

instrumented with strain gages at both ends of the beams, as shown in Fig. 2, where the 

gage numbering system was indicated. A total of five driven piles (#1, #17, #18, #19, and 

#34) were each instrumented with four strain gages near the top of the pile, as shown in 

Fig. 3. Rock anchors #1, #8, #9, and #17 were each instrumented with a load cell at the 

anchor head. Finally, drilled shafts #1 and #9 were instrumented with sister-bar type of 

strain gages. The locations of these strain gages in the drilled shafts and the gage 

designation numbers are depicted in Fig. 4 and Fig. 5 for shaft #1 and shaft #9, 

respectively. Furthermore, drilled shafts #1, #3, #8, #9, #10, and #17 shown in Fig. 6, was 

each embedded with slope inclinometer casings for monitoring shafts deflections. 
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II. Monitoring Results 
 

II.1 Rock Anchors: 
 
Recorded numerical values of load cells at the anchor heads are summarized in Table 1. 

Also, the load versus time plot for each anchor is shown in Fig. 7.  Between 4/2005 and 

4/2006, the recorded anchor loads remain fairly steady.  

  

II.2 Tie-Beams: 
 
The strain readings from the gages in the tie-beams have been converted into axial forces 

and bending moments and are summarized in Table 2 and Table 3 for the beam end at the 

driven pile cap side and the beam end at the drilled shaft cap side, respectively. The plots 

of the axial force versus time for five monitored tie-beams are presented in Fig. 8 and Fig. 

9 for the drilled shaft cap side and the driven pile cap side, respectively.  The average 

axial forces of all five monitored tie-beams on the pile cap side and the drilled shaft cap 

side are plotted respectively in Fig. 10. The average axial forces appear to oscillate within 

a small range. 

 

The deduced major bending moments for each of the five monitored tie-beams are shown 

in Fig. 11 and Fig. 12 for the pile cap side and drilled shaft cap side, respectively. The 

average bending moments for all five monitored tie-beams for the drilled shaft side and 

the pile cap side are shown respectively in Fig. 13. These average bending moments on 

both sides of the tie-beams showed no noticeable amount of variation.  
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II.3 Driven Piles: 
 
The strain readings from the strain gages on the driven piles have been converted into the 

bending moments and axial forces for each of the five monitored driven piles and are 

summarized in Table 4.  The axial forces versus time and the major bending moments 

versus time are plotted in Fig. 14 and Fig. 15, respectively. During the past year, there 

was no significant variation in the monitored data. 

 

II.4 Drilled Shafts: 
 
The bending moments in the drilled shaft #9 at different elevations are shown in Fig. 16. 

The deduced bending moments at the depth of 95 ft below the cap top showed continuing 

increase, but with reduced rate. The bending moments in the drilled shaft #1 at different 

elevations are shown in Fig. 17. Please note that the bending moments shown in Fig. 17 

are smaller than those shown in Fig. 16. This is because the moments measured in shaft 

#9 (Fig. 16) are in the major bending direction, while the moments measured in shaft #1 

are not in the major bending direction. 

  

The distribution of bending moments along the depth of the drilled shafts is depicted in 

Fig. 18 and Fig. 19 for shaft #9 and shaft #1, respectively.  

 

II.5 Inclinometer reading: 
 
Four separate readings were taken over the last year for all seven inclinometer casings 

embedded in the drilled shafts. The incremental and cumulative deflection plots in the A-
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direction (toward river direction) are presented in Figs. 20 to 26. In general, there was a 

very little movement that can be observed in all inclinometer readings.  

 

III. Concluding Remark 
 
Based on examination of the monitoring data collected over the last year, the stabilization 

structures in the slope experienced a fairly steady state of forces and moments. There 

were no noticeable drilled shaft deflections over the last year. There was no observed 

sudden and big jump in the monitoring data. However, it is important to continue the 

monitoring of these slope stabilization structures, the ground movement, and the 

superstructure, particularly in light of the expected new construction activities in the near 

future.  
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Table 1 Numerical reading of anchor load as a function of time for anchors #1, #8, #9 and #17  

Date Anchor #1 
Load, kips 

Anchor #8 
Load, kips 

Anchor #9 
Load, kips 

Anchor #17 
Load, kips Comment 

4/7/1999  560   
4/8/1999 489   499 

Anchor Lock off 

4/14/1999 460 473 596 (Lock off) 461  
5/7/1999 452 473 572 445 End of construction 
7/1/1999 446 468 564 439  
10/1/1999 441 467 560 440  
1/1/2000 439 461 555 424  
4/1/2000 432 453 546 414  
7/1/2000 431 451 521 415  
10/1/2000 431 451 519 416  
1/1/2001 430 455 517 400  
4/1/2001 421 443 513 397  
7/1/2001 422 443 510 399  
10/1/2001 425 445 512 403  
1/1/2002 424 444 511 398  
4/1/2002 421 440 508 386  
7/1/2002 419 439 506 391  
10/1/2002 423 442 508 396  
1/1/2003 423 435 508 389  
4/15/2003 416 427 501 380  
8/07/2003 416 428 503 384  

10/07/2003 418 429 504 387  
12/31/2003 417 426 503 378  
4/13/2004 408 418 494 370  
7/13/2004 409 419 494 374  

10/08/2004 411 422 496 377  
1/07/2005 411 421 495 374  
4/08/2005 407 414 485 366  
7/18/2005 407 415 485 370  

11/12/2005 410 419 489 374  
1/10/2006 409 417 487 369  
4/9/2006 399 411 487 365  
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Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap Side) 

Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 -47.1 68.5 551.7 681.8 313.73 10.70 616.75 252.30 375.15 83.06 -40.28 -2.75 
7/15/1999 -70.1 53.8 538.8 666.8 297.33 -8.15 602.80 234.35 360.30 78.72 -40.60 -2.82 
8/15/1999 10.7 114.3 613.7 728.1 366.70 62.50 670.90 312.20 421.20 97.09 -40.43 -2.44 
8/31/1999 12.0 114.3 617.3 732.8 369.10 63.15 675.05 314.65 423.55 97.73 -40.67 -2.44 
9/15/1999 13.1 113.5 619.7 737.5 370.95 63.30 678.60 316.40 425.50 98.22 -40.89 -2.44 
9/30/1999 29.6 122.3 634.4 753.4 384.93 75.95 693.90 332.00 437.85 101.92 -41.07 -2.37 
10/15/1999 34.7 123.9 637.8 757.9 388.58 79.30 697.85 336.25 440.90 102.88 -41.11 -2.34 
10/31/1999 39.8 127.2 646.6 762 393.90 83.50 704.30 343.20 444.60 104.29 -41.26 -2.27 
11/15/1999 62.3 139.3 662.9 780.1 411.15 100.80 721.50 362.60 459.70 108.86 -41.25 -2.18 
11/30/1999 73.7 146.3 670.6 788.6 419.80 110.00 729.60 372.15 467.45 111.15 -41.18 -2.13 
12/15/1999 72.8 143.6 668.9 789.7 418.75 108.20 729.30 370.85 466.65 110.87 -41.28 -2.15 
12/31/1999 88.8 152.1 680.1 802.5 430.88 120.45 741.30 384.45 477.30 114.08 -41.26 -2.08 
3/31/2000 95.3 158.7 682.5 825.2 440.43 127.00 753.85 388.90 491.95 116.61 -41.66 -2.31 
6/30/2000 60.2 138.2 662.7 804.5 416.40 99.20 733.60 361.45 471.35 110.25 -42.16 -2.46 
9/30/2000 50.1 142.5 668.8 795.7 414.28 96.30 732.25 359.45 469.10 109.69 -42.26 -2.46 
1/13/2001 109.5 179.9 712.3 845.5 461.80 144.70 778.90 410.90 512.70 122.27 -42.15 -2.28 
4/20/2001 126.8 283.2 715.3 881.9 501.80 205.00 798.60 421.05 582.55 132.86 -39.45 -3.62 
7/16/2001 68.3 149.8 674.3 837.1 432.38 109.05 755.70 371.30 493.45 114.48 -42.98 -2.74 
10/9/2001 71.4 157.1 685.5 840.8 438.70 114.25 763.15 378.45 498.95 116.15 -43.12 -2.70 
1/9/2002 102.7 177.8 713 872 466.38 140.25 792.50 407.85 524.90 123.48 -43.35 -2.62 
4/12/2002 125.5 192.8 738.6 904.9 490.45 159.15 821.75 432.05 548.85 129.86 -44.04 -2.62 
7/18/2002 62.3 151.8 706.334 859.6 445.01 107.05 782.97 384.32 505.70 117.82 -44.92 -2.72 
10/8/2002 43.7 151.1 711.3 846.7 438.20 97.40 779.00 377.50 498.90 116.02 -45.30 -2.72 
1/8/2003 84.7 180.5 748.5 891.8 476.38 132.60 820.15 416.60 536.15 126.13 -45.69 -2.68 
4/15/2003 96.1 191.9 739.9 989.3 504.30 144.00 864.60 418.00 590.60 133.52 -47.89 -3.87 
7/1/2003 57.4 168 713 959 474.35 112.70 836.00 385.20 563.50 125.59 -48.07 -3.99 
10/7/2003 42.1 166.8 714 946.6 467.38 104.45 830.30 378.05 556.70 123.75 -48.24 -4.00 
12/31/2003 80 197.9 753.9 985.1 504.23 138.95 869.50 416.95 591.50 133.50 -48.55 -3.91 
4/13/2004 92 208.9 760.4 1006.6 516.98 150.45 883.50 426.20 607.75 136.88 -48.72 -4.07 
7/13/2004 14.6 163.9 707.3 954.4 460.05 89.25 830.85 360.95 559.15 121.81 -49.29 -4.44 
10/8/2004 -8.6 233.4 704.6 941 467.60 112.40 822.80 348.00 587.20 123.81 -47.21 -5.36 
1/7/2005 19.5 190.4 746.5 982.5 484.73 104.95 864.50 383.00 586.45 128.34 -50.48 -4.56 
4/8/2005 3.4 397.6 751.6 1003.4 539.00 200.50 877.50 377.50 700.50 142.71 -44.99 -7.24 
7/18/2005 3.1 164.3 709.7 969.6 461.68 83.70 839.65 356.40 566.95 122.24 -50.24 -4.72 
8/26/2005 3.1 157.5 702.5 956.3 454.85 80.30 829.40 352.80 556.90 120.43 -49.78 -4.57 
10/11/2005 3.1 164.2 712.6 960.1 460.00 83.65 836.35 357.85 562.15 121.79 -50.02 -4.58 
1/10/2006 3.1 191.9 742.5 997 483.63 97.50 869.75 372.80 594.45 128.05 -51.32 -4.97 

1 

4/9/2006 3.5 205.3 750.7 1018.8 494.58 104.40 884.75 377.10 612.05 130.95 -51.86 -5.26 
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Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap Side) (cont’d) 

Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 374.9 6 549.6 471.8 350.58 190.45 510.70 462.25 238.90 92.82 -21.28 5.00 
7/15/1999 368.6 -3.6 544.2 467.3 344.13 182.50 505.75 456.40 231.85 91.11 -21.48 5.03 
8/15/1999 373.7 0.2 569.4 485.2 357.13 186.95 527.30 471.55 242.70 94.56 -22.62 5.13 
8/31/1999 368.4 -4.7 567 486.2 354.23 181.85 526.60 467.70 240.75 93.79 -22.91 5.08 
9/15/1999 365.9 -9.2 565.3 485.1 351.78 178.35 525.20 465.60 237.95 93.14 -23.05 5.10 
9/30/1999 364.6 -11.7 570.1 487.6 352.65 176.45 528.85 467.35 237.95 93.37 -23.42 5.14 
10/15/1999 361.7 -14.8 569.9 487.4 351.05 173.45 528.65 465.80 236.30 92.95 -23.61 5.14 
10/31/1999 362.8 -13.5 575.6 493.1 354.50 174.65 534.35 469.20 239.80 93.86 -23.91 5.14 
11/15/1999 365.0 -11.5 581.4 498 358.23 176.75 539.70 473.20 243.25 94.85 -24.12 5.15 
11/30/1999 365.6 -11.8 583.7 500.1 359.40 176.90 541.90 474.65 244.15 95.16 -24.26 5.16 
12/15/1999 368.0 -9.2 589.7 504.2 363.18 179.40 546.95 478.85 247.50 96.16 -24.43 5.18 
12/31/1999 369.0 -8 592.9 506.6 365.13 180.50 549.75 480.95 249.30 96.67 -24.54 5.19 
3/31/2000 379.6 7.3 617 524.1 382.00 193.45 570.55 498.30 265.70 101.14 -25.06 5.21 
6/30/2000 376.1 4.4 608.9 519.1 377.13 190.25 564.00 492.50 261.75 99.85 -24.84 5.17 
9/30/2000 360.7 -12.3 588.3 503.5 360.05 174.20 545.90 474.50 245.60 95.33 -24.70 5.13 
1/13/2001 372.1 2.2 618.1 526.1 379.63 187.15 572.10 495.10 264.15 100.51 -25.58 5.17 
4/20/2001 387.6 21 645.8 549.2 400.90 204.30 597.50 516.70 285.10 106.15 -26.13 5.19 
7/16/2001 374.6 6.5 621.5 532.9 383.88 190.55 577.20 498.05 269.70 101.64 -25.70 5.12 
10/9/2001 360.9 -9.4 598.9 515.8 366.55 175.75 557.35 479.90 253.20 97.05 -25.36 5.08 
1/9/2002 363.5 -2.5 611.5 524.5 374.25 180.50 568.00 487.50 261.00 99.09 -25.75 5.07 
4/12/2002 381.7 16.9 642.7 550.5 397.95 199.30 596.60 512.20 283.70 105.37 -26.40 5.12 
7/18/2002 375 10.5 629 544.7 389.80 192.75 586.85 502.00 277.60 103.21 -26.19 5.03 
10/8/2002 357.7 -9.6 599.2 523 367.58 174.05 561.10 478.45 256.70 97.32 -25.72 4.97 
1/8/2003 367.3 6.5 626.7 542.7 385.80 186.90 584.70 497.00 274.60 102.15 -26.44 4.98 
4/15/2003 385.9 27.3 655.3 566.2 408.68 206.60 610.75 520.60 296.75 108.20 -26.86 5.01 
7/1/2003 384.7 26.3 649.2 565.6 406.45 205.50 607.40 516.95 295.95 107.62 -26.71 4.95 
10/7/2003 360.6 3.5 613 539.7 379.20 182.05 576.35 486.80 271.60 100.40 -26.20 4.82 
12/31/2003 372 19.4 636 558.3 396.43 195.70 597.15 504.00 288.85 104.96 -26.68 4.82 
4/13/2004 389.4 39.8 665.5 583.1 419.45 214.60 624.30 527.45 311.45 111.06 -27.23 4.84 
7/13/2004 379.5 27.7 643.3 571.1 405.40 203.60 607.20 511.40 299.40 107.34 -26.82 4.75 
10/8/2004 361.6 10.3 615.2 550.9 384.50 185.95 583.05 488.40 280.60 101.80 -26.39 4.66 
1/7/2005 367.5 16.1 630.6 561.5 393.93 191.80 596.05 499.05 288.80 104.30 -26.87 4.71 
4/8/2005 388.2 35.6 662.3 587.2 418.33 211.90 624.75 525.25 311.40 110.76 -27.44 4.79 
7/18/2005 382.6 26.3 647.7 580.1 409.18 204.45 613.90 515.15 303.20 108.34 -27.21 4.75 
8/26/2005 373.6 15.7 629.8 566.8 396.48 194.65 598.30 501.70 291.25 104.97 -26.83 4.71 

10/11/2005 365.9 6.1 617.8 557.9 386.93 186.00 587.85 491.85 282.00 102.45 -26.71 4.70 
1/10/2006 376.2 17.5 639 572.2 401.23 196.85 605.60 507.60 294.85 106.23 -27.16 4.77 

12 

4/9/2006 393.8 32.7 665.7 594 421.55 213.25 629.85 529.75 313.35 111.61 -27.69 4.85 
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Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap Side) (cont’d) 

Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 306.3 72.2 490.8 675.2 386.13 189.25 583.00 398.55 373.70 102.23 -26.17 0.56 
7/15/1999 288.0 53.1 484.2 670.6 373.98 170.55 577.40 386.10 361.85 99.02 -27.04 0.54 
8/15/1999 280.9 61.8 506.3 693.7 385.68 171.35 600.00 393.60 377.75 102.12 -28.49 0.36 
8/31/1999 270.4 52.1 503.1 691.4 379.25 161.25 597.25 386.75 371.75 100.41 -28.98 0.34 
9/15/1999 261.3 43.9 501.2 689.9 374.08 152.60 595.55 381.25 366.90 99.04 -29.44 0.32 
9/30/1999 257.1 40.7 503.1 690.7 372.90 148.90 596.90 380.10 365.70 98.73 -29.77 0.32 
10/15/1999 250.1 33.8 501.2 691 369.03 141.95 596.10 375.65 362.40 97.71 -30.18 0.30 
10/31/1999 251.4 38 507.6 697.6 373.65 144.70 602.60 379.50 367.80 98.93 -30.43 0.26 
11/15/1999 253.9 41.6 512.1 701.9 377.38 147.75 607.00 383.00 371.75 99.92 -30.52 0.25 
11/30/1999 253.5 41.2 513.6 704.4 378.18 147.35 609.00 383.55 372.80 100.13 -30.68 0.24 
12/15/1999 255.8 46.7 519.1 709.3 382.73 151.25 614.20 387.45 378.00 101.33 -30.77 0.21 
12/31/1999 256.7 48.9 522.3 712.4 385.08 152.80 617.35 389.50 380.65 101.96 -30.87 0.20 
3/31/2000 267.5 64.6 542.8 734.2 402.28 166.05 638.50 405.15 399.40 106.51 -31.40 0.13 
6/30/2000 258.9 46.4 531.2 726.1 390.65 152.65 628.65 395.05 386.25 103.43 -31.63 0.20 
9/30/2000 237.1 10.1 504.9 705.9 364.50 123.60 605.40 371.00 358.00 96.51 -32.02 0.29 
1/13/2001 254.0 40.9 535.1 734.6 391.15 147.45 634.85 394.55 387.75 103.56 -32.39 0.15 
4/20/2001 275.4 72.6 561.4 763.7 418.28 174.00 662.55 418.40 418.15 110.75 -32.47 0.01 
7/16/2001 255.3 37.7 534.8 740.9 392.18 146.50 637.85 395.05 389.30 103.84 -32.65 0.13 
10/9/2001 235.7 7.5 510.6 719.6 368.35 121.60 615.10 373.15 363.55 97.53 -32.80 0.22 
1/9/2002 240 18.9 523.3 731 378.30 129.45 627.15 381.65 374.95 100.16 -33.08 0.15 
4/12/2002 263.4 58.5 554.8 763 409.93 160.95 658.90 409.10 410.75 108.54 -33.09 -0.04 
7/18/2002 255.5 40.1 566.1 754.5 404.05 147.80 660.30 410.80 397.30 106.98 -34.06 0.30 
10/8/2002 231.2 3.4 508.7 726.1 367.35 117.30 617.40 369.95 364.75 97.26 -33.24 0.12 
1/8/2003 249.4 38.5 540.1 754.4 395.60 143.95 647.25 394.75 396.45 104.74 -33.45 -0.04 
4/15/2003 276.4 78.5 571.6 784.9 427.85 177.45 678.25 424.00 431.70 113.28 -33.28 -0.17 
7/1/2003 273 69 561.4 779.9 420.83 171.00 670.65 417.20 424.45 111.42 -33.21 -0.16 
10/7/2003 246.6 22.5 524.7 744.6 384.60 134.55 634.65 385.65 383.55 101.83 -33.24 0.05 
12/31/2003 264.8 58.9 552.8 770.1 411.65 161.85 661.45 408.80 414.50 108.99 -33.20 -0.13 
4/13/2004 291.3 97.7 584 803.2 444.05 194.50 693.60 437.65 450.45 117.57 -33.17 -0.29 
7/13/2004 275.5 64.3 556.1 781 419.23 169.90 668.55 415.80 422.65 111.00 -33.14 -0.15 
10/8/2004 252.8 29.9 527.5 755.8 391.50 141.35 641.65 390.15 392.85 103.66 -33.25 -0.06 
1/7/2005 264 50.8 544.5 770.6 407.48 157.40 657.55 404.25 410.70 107.89 -33.24 -0.14 
4/8/2005 289.9 90.7 576 802 439.65 190.30 689.00 432.95 446.35 116.41 -33.14 -0.30 
7/18/2005 277.8 67.7 556.4 787.1 422.25 172.75 671.75 417.10 427.40 111.80 -33.16 -0.23 
8/26/2005 266.7 46.5 539.8 771.9 406.23 156.60 655.85 403.25 409.20 107.56 -33.18 -0.13 

10/11/2005 257.2 33.8 526.8 760.8 394.65 145.50 643.80 392.00 397.30 104.49 -33.12 -0.12 
1/10/2006 269.3 59.9 551.2 780.4 415.20 164.60 665.80 410.25 420.15 109.93 -33.31 -0.22 

13 

4/9/2006 289.9 90 576.3 806.2 440.60 189.95 691.25 433.10 448.10 116.66 -33.32 -0.34 
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Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap Side) (cont’d) 

Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 445.4 53.9 802 298.7 400.00 249.65 550.35 623.70 176.30 105.91 -19.98 10.02 
7/15/1999 440.5 34.4 799.5 280.7 388.78 237.45 540.10 620.00 157.55 102.94 -20.11 10.36 
8/15/1999 455.6 40.8 837.6 284.6 404.65 248.20 561.10 646.60 162.70 107.14 -20.79 10.84 
8/31/1999 452.7 30.7 837.1 274.1 398.65 241.70 555.60 644.90 152.40 105.55 -20.86 11.03 
9/15/1999 448.5 21.7 836.8 266.2 393.30 235.10 551.50 642.65 143.95 104.13 -21.03 11.17 
9/30/1999 447.0 16.1 838.5 260.8 390.60 231.55 549.65 642.75 138.45 103.42 -21.14 11.30 
10/15/1999 446.5 8.8 839.3 255.1 387.43 227.65 547.20 642.90 131.95 102.58 -21.24 11.45 
10/31/1999 450.9 11.7 847.9 257.8 392.08 231.30 552.85 649.40 134.75 103.81 -21.37 11.53 
11/15/1999 455.9 16.1 856.2 259.8 397.00 236.00 558.00 656.05 137.95 105.11 -21.40 11.61 
11/30/1999 456.3 15.5 858.3 259 397.28 235.90 558.65 657.30 137.25 105.19 -21.45 11.65 
12/15/1999 461.3 20.5 865.6 261.7 402.28 240.90 563.65 663.45 141.10 106.51 -21.45 11.70 
12/31/1999 463.4 22.5 871.6 262.9 405.10 242.95 567.25 667.50 142.70 107.26 -21.55 11.76 
3/31/2000 477.8 35.6 903.8 282.7 424.98 256.70 593.25 690.80 159.15 112.52 -22.37 11.91 
6/30/2000 469.2 17.4 889.7 267.4 410.93 243.30 578.55 679.45 142.40 108.80 -22.28 12.03 
9/30/2000 453.5 -23.5 856.8 240.4 381.80 215.00 548.60 655.15 108.45 101.09 -22.17 12.25 
1/13/2001 476.9 5 891.3 257.6 407.70 240.95 574.45 684.10 131.30 107.95 -22.16 12.38 
4/20/2001 494.8 40.8 932.8 281.2 437.40 267.80 607.00 713.80 161.00 115.81 -22.54 12.38 
7/16/2001 475.7 4.9 900.7 255.9 409.30 240.30 578.30 688.20 130.40 108.37 -22.46 12.50 
10/9/2001 459.3 -30.8 870.4 236.8 383.93 214.25 553.60 664.85 103.00 101.65 -22.55 12.59 
1/9/2002 468.8 -18.5 883.7 241.5 393.88 225.15 562.60 676.25 111.50 104.29 -22.43 12.65 
4/12/2002 492.8 22.5 926.5 270.2 428.00 257.65 598.35 709.65 146.35 113.32 -22.64 12.62 
7/18/2002 483.5 3.8 911.9 257.3 414.13 243.65 584.60 697.70 130.55 109.65 -22.66 12.71 
10/8/2002 462.7 -35 875.6 233 384.08 213.85 554.30 669.15 99.00 101.69 -22.63 12.77 
1/8/2003 485.5 2.5 912.6 253.9 413.63 244.00 583.25 699.05 128.20 109.52 -22.55 12.79 
4/15/2003 501.9 612.9 952.7 285.1 588.15 557.40 618.90 727.30 449.00 155.72 -4.09 6.23 
7/1/2003 521.6 28.8 943.4 278.1 442.98 275.20 610.75 732.50 153.45 117.29 -22.30 12.97 
10/7/2003 472.3 -16.5 903.8 247.5 401.78 227.90 575.65 688.05 115.50 106.38 -23.11 12.83 
12/31/2003 495.5 18.6 939.3 268.7 430.53 257.05 604.00 717.40 143.65 113.99 -23.06 12.85 
4/13/2004 504.6 68.9 989 299.2 465.43 286.75 644.10 746.80 184.05 123.23 -23.75 12.61 
7/13/2004 487.3 36.7 961.8 277.7 440.88 262.00 619.75 724.55 157.20 116.73 -23.78 12.71 
10/8/2004 468.9 -0.5 928.8 256.4 413.40 234.20 592.60 698.85 127.95 109.46 -23.82 12.79 
1/7/2005 485.2 21.4 952.7 269.7 432.25 253.30 611.20 718.95 145.55 114.45 -23.79 12.85 
4/8/2005 512.9 68.8 998.7 302.5 470.73 290.85 650.60 755.80 185.65 124.63 -23.91 12.77 
7/18/2005 498.2 40 977.1 286.8 450.53 269.10 631.95 737.65 163.40 119.29 -24.11 12.86 
8/26/2005 486.3 17.1 955.5 271.8 432.68 251.70 613.65 720.90 144.45 114.56 -24.05 12.91 

10/11/2005 478.8 2.4 942.6 263.6 421.85 240.60 603.10 710.70 133.00 111.69 -24.09 12.94 
1/10/2006 497.9 28.2 970.6 280.6 444.33 263.05 625.60 734.25 154.40 117.64 -24.09 12.99 

14 

4/9/2006 519.6 65.1 1008.9 306 474.90 292.35 657.45 764.25 185.55 125.74 -24.26 12.96 
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Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap Side) (cont’d) 

Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 468.3 92.2 387.7 511.7 364.98 280.25 449.70 428.00 301.95 96.63 -11.26 2.82 
7/15/1999 460.1 81 381.5 505.7 357.08 270.55 443.60 420.80 293.35 94.54 -11.50 2.86 
8/15/1999 482.3 96.1 410.7 526 378.78 289.20 468.35 446.50 311.05 100.29 -11.91 3.03 
8/31/1999 490.3 101.9 422.4 535 387.40 296.10 478.70 456.35 318.45 102.57 -12.14 3.09 
9/15/1999 491.0 101.4 426.3 536.4 388.78 296.20 481.35 458.65 318.90 102.94 -12.30 3.13 
9/30/1999 497.9 106.7 434.7 543.6 395.73 302.30 489.15 466.30 325.15 104.78 -12.42 3.16 
10/15/1999 505.0 112.3 443.2 550.9 402.85 308.65 497.05 474.10 331.60 106.66 -12.52 3.19 
10/31/1999 515.6 118.8 452.5 560.9 411.95 317.20 506.70 484.05 339.85 109.07 -12.59 3.23 
11/15/1999 525.0 128.3 463.4 570.2 421.73 326.65 516.80 494.20 349.25 111.66 -12.64 3.25 
11/30/1999 532.5 134.9 471.5 576.8 428.93 333.70 524.15 502.00 355.85 113.57 -12.66 3.27 
12/15/1999 534.1 138.1 476.5 580.2 432.23 336.10 528.35 505.30 359.15 114.44 -12.78 3.27 
12/31/1999 540.4 144.3 484.4 587.2 439.08 342.35 535.80 512.40 365.75 116.25 -12.86 3.29 
3/31/2000 551.1 156 501.3 602.1 452.63 353.55 551.70 526.20 379.05 119.84 -13.17 3.30 
6/30/2000 533.5 137.3 477.6 577.9 431.58 335.40 527.75 505.55 357.60 114.27 -12.78 3.31 
9/30/2000 539.6 136.8 480.7 575.1 433.05 338.20 527.90 510.15 355.95 114.66 -12.61 3.45 
1/13/2001 571.4 169.7 522.7 611.8 468.90 370.55 567.25 547.05 390.75 124.15 -13.07 3.50 
4/20/2001 580.2 184.8 537.9 624.6 481.88 382.50 581.25 559.05 404.70 127.59 -13.21 3.46 
7/16/2001 555.8 159.1 508 598.6 455.38 357.45 553.30 531.90 378.85 120.57 -13.02 3.43 
10/9/2001 556.2 154.1 506 595.8 453.03 355.15 550.90 531.10 374.95 119.95 -13.01 3.50 
1/9/2002 572 170.3 527.3 614.7 471.08 371.15 571.00 549.65 392.50 124.73 -13.28 3.52 
4/12/2002 584.6 187.7 546.3 632.8 487.85 386.15 589.55 565.45 410.25 129.17 -13.52 3.48 
7/18/2002 559.5 162.1 516.1 606 460.93 360.80 561.05 537.80 384.05 122.04 -13.31 3.44 
10/8/2002 557 154.4 511 599.8 455.55 355.70 555.40 534.00 377.10 120.62 -13.27 3.51 
1/8/2003 591 189.2 552.8 639 493.00 390.10 595.90 571.90 414.10 130.53 -13.68 3.54 
4/15/2003 597.9 204.3 567.5 650.5 505.05 401.10 609.00 582.70 427.40 133.72 -13.82 3.48 
7/1/2003 580.7 184.3 545.4 632.5 485.73 382.50 588.95 563.05 408.40 128.61 -13.72 3.46 
10/7/2003 578.2 176.3 538 627 479.88 377.25 582.50 558.10 401.65 127.06 -13.64 3.50 
12/31/2003 610.3 207.7 572.6 661.6 513.05 409.00 617.10 591.45 434.65 135.84 -13.83 3.51 
4/13/2004 617.1 224.2 589.5 675.7 526.63 420.65 632.60 603.30 449.95 139.43 -14.09 3.44 
7/13/2004 584 186.6 549.1 642.6 490.58 385.30 595.85 566.55 414.60 129.89 -13.99 3.40 
10/8/2004 581.8 181.2 543.7 638.3 486.25 381.50 591.00 562.75 409.75 128.74 -13.92 3.43 
1/7/2005 609.9 209 574.8 669.1 515.70 409.45 621.95 592.35 439.05 136.54 -14.12 3.43 
4/8/2005 617.5 225 590.2 683.9 529.15 421.25 637.05 603.85 454.45 140.10 -14.34 3.35 

7/18/2005 590.4 192.7 554.7 656 498.45 391.55 605.35 572.55 424.35 131.97 -14.21 3.32 
8/26/2005 584.4 183.1 544 647.8 489.83 383.75 595.90 564.20 415.45 129.69 -14.10 3.33 
10/11/2005 589.3 185.9 548.5 652 493.93 387.60 600.25 568.90 418.95 130.78 -14.13 3.36 
1/10/2006 616 216.1 582.8 683.4 524.58 416.05 633.10 599.40 449.75 138.89 -14.42 3.35 

26 

4/9/2006 629 235.4 605.8 701.1 542.83 432.20 653.45 617.40 468.25 143.72 -14.70 3.34 
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Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft Cap Side)  

Tie # Date ε5 ε6 ε7 ε8 Avg. ε (ε5+ε6)/2 (ε7+ε8)/2 (ε5+ε7)/2 (ε6+ε8)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 -115.0 299.7 422.9 109.6 179.30 92.35 266.25 153.95 204.65 47.47 -11.56 -1.14 
7/15/1999 -122.0 289 405.2 95.6 166.95 83.50 250.40 141.60 192.30 44.20 -11.09 -1.14 
8/15/1999 -139.4 265.8 401.5 101.8 157.43 63.20 251.65 131.05 183.80 41.68 -12.52 -1.18 
8/31/1999 -144.1 258.4 394.7 99.6 152.15 57.15 247.15 125.30 179.00 40.28 -12.63 -1.20 
9/15/1999 -144.1 255.9 395.1 102 152.23 55.90 248.55 125.50 178.95 40.30 -12.80 -1.20 
9/30/1999 -141.7 260.4 408.3 112.3 159.83 59.35 260.30 133.30 186.35 42.32 -13.35 -1.19 
10/15/1999 -138.1 275.3 441.9 138.4 179.38 68.60 290.15 151.90 206.85 47.49 -14.72 -1.23 
10/31/1999 -148.1 272.7 430.1 118.5 168.30 62.30 274.30 141.00 195.60 44.56 -14.09 -1.22 
11/15/1999 -142.3 278.9 446.6 134.9 179.53 68.30 290.75 152.15 206.90 47.53 -14.78 -1.23 
11/30/1999 -137.9 284.4 462 150.8 189.83 73.25 306.40 162.05 217.60 50.26 -15.49 -1.24 
12/15/1999 -135.4 290 463.8 152.5 192.73 77.30 308.15 164.20 221.25 51.03 -15.34 -1.28 
12/31/1999 -126.8 301.4 481.4 168.9 206.23 87.30 325.15 177.30 235.15 54.60 -15.81 -1.30 
3/31/2000 -133.9 283.1 455.7 149.6 188.63 74.60 302.65 160.90 216.35 49.94 -15.16 -1.24 
6/30/2000 -157.3 230.6 397.4 119.3 147.50 36.65 258.35 120.05 174.95 39.05 -14.73 -1.23 
9/30/2000 -142.8 237.4 427.4 156.8 169.70 47.30 292.10 142.30 197.10 44.93 -16.27 -1.23 
1/13/2001 -118.2 295.4 511.7 182.5 217.85 88.60 347.10 196.75 238.95 57.68 -17.18 -0.95 
4/20/2001 -128.9 270.9 454 163.4 189.85 71.00 308.70 162.55 217.15 50.27 -15.80 -1.22 
7/16/2001 -146.4 213.9 384.1 133.3 146.23 33.75 258.70 118.85 173.60 38.72 -14.95 -1.23 
10/9/2001 -135.7 237.5 439.4 178.3 179.88 50.90 308.85 151.85 207.90 47.63 -17.14 -1.26 
1/9/2002 -120.2 281.4 483 190.7 208.73 80.60 336.85 181.40 236.05 55.26 -17.03 -1.22 
4/12/2002 -133.2 263.6 441.1 154.2 181.43 65.20 297.65 153.95 208.90 48.04 -15.45 -1.23 
7/18/2002 -158.1 191.2 355.6 118 126.68 16.55 236.80 98.75 154.60 33.54 -14.64 -1.25 
10/8/2002 -149.2 192.4 391.7 156.3 147.80 21.60 274.00 121.25 174.35 39.13 -16.77 -1.19 
1/8/2003 -123.2 268.7 469.3 191.8 201.65 72.75 330.55 173.05 230.25 53.39 -17.13 -1.28 
4/15/2003 -137.5 248.4 427.1 157.1 173.78 55.45 292.10 144.80 202.75 46.01 -15.73 -1.30 
7/1/2003 -159.7 183.9 351.2 124.6 125.00 12.10 237.90 95.75 154.25 33.10 -15.01 -1.31 
10/7/2003 -146.6 206.4 412.6 177.8 162.55 29.90 295.20 133.00 192.10 43.04 -17.63 -1.32 
12/31/2003 -135.4 243.4 450.4 190 187.10 54.00 320.20 157.50 216.70 49.54 -17.69 -1.33 
4/13/2004 -144.6 228.6 422.1 168 168.53 42.00 295.05 138.75 198.30 44.62 -16.82 -1.33 
7/13/2004 -179.1 155.6 334.2 117.5 107.05 -11.75 225.85 77.55 136.55 28.34 -15.79 -1.32 
10/8/2004 -169 170.9 373.7 152.9 132.13 0.95 263.30 102.35 161.90 34.98 -17.44 -1.33 
1/7/2005 -145.5 227.8 440.5 188.2 177.75 41.15 314.35 147.50 208.00 47.06 -18.16 -1.36 
4/8/2005 -159.4 209.2 398.5 148.8 149.28 24.90 273.65 119.55 179.00 39.52 -16.53 -1.33 
7/18/2005 -182.8 141.5 330.3 131.3 105.08 -20.65 230.80 73.75 136.40 27.82 -16.71 -1.40 
8/26/2005 -184 140.7 341.3 131.3 107.33 -21.65 236.30 78.65 136.00 28.42 -17.14 -1.28 

10/11/2005 -174.2 159.1 370.9 131.3 121.78 -7.55 251.10 98.35 145.20 32.24 -17.19 -1.05 
1/10/2006 -152.5 216.4 430.7 131.3 156.48 31.95 281.00 139.10 173.85 41.43 -16.55 -0.78 

1 

4/9/2006 -157.2 206.1 413 131.3 148.30 24.45 272.15 127.90 168.70 39.27 -16.46 -0.91 
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Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft Cap Side) (cont’d)  

Tie # Date ε5 ε6 ε7 ε8 Avg. ε (ε5+ε6)/2 (ε7+ε8)/2 (ε5+ε7)/2 (ε6+ε8)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 356.2 257 201.2 275.1 272.38 306.60 238.15 278.70 266.05 72.12 4.55 0.28 
7/15/1999 353.8 251.6 188.4 273.4 266.80 302.70 230.90 271.10 262.50 70.64 4.77 0.19 
8/15/1999 350.0 242.8 195.3 301.1 272.30 296.40 248.20 272.65 271.95 72.10 3.20 0.02 
8/31/1999 350.2 247.8 201.7 307.9 276.90 299.00 254.80 275.95 277.85 73.31 2.94 -0.04 
9/15/1999 349.8 249.1 203.6 314 279.13 299.45 258.80 276.70 281.55 73.90 2.70 -0.11 
9/30/1999 352.2 256.8 212.1 322.7 285.95 304.50 267.40 282.15 289.75 75.71 2.47 -0.17 
10/15/1999 352.6 257.7 225.5 337.3 293.28 305.15 281.40 289.05 297.50 77.65 1.58 -0.19 
10/31/1999 361.0 268.5 222.6 333.7 296.45 314.75 278.15 291.80 301.10 78.49 2.43 -0.21 
11/15/1999 364.5 273.1 237.1 353.6 307.08 318.80 295.35 300.80 313.35 81.30 1.56 -0.28 
11/30/1999 367.6 276.3 249.1 369.4 315.60 321.95 309.25 308.35 322.85 83.56 0.84 -0.32 
12/15/1999 370.6 280.7 248.5 364.3 316.03 325.65 306.40 309.55 322.50 83.67 1.28 -0.29 
12/31/1999 371.2 282.5 254.8 368.8 319.33 326.85 311.80 313.00 325.65 84.55 1.00 -0.28 
3/31/2000 376.0 289.2 244.7 361.1 317.75 332.60 302.90 310.35 325.15 84.13 1.97 -0.33 
6/30/2000 358.4 247.7 207.4 329.3 285.70 303.05 268.35 282.90 288.50 75.64 2.31 -0.13 
9/30/2000 357.6 235.9 230.1 366.4 297.50 296.75 298.25 293.85 301.15 78.77 -0.10 -0.16 
1/13/2001 382.0 289.5 264.4 384.8 330.18 335.75 324.60 323.20 337.15 87.42 0.74 -0.31 
4/20/2001 382.9 294.9 260.1 378.2 329.03 338.90 319.15 321.50 336.55 87.12 1.31 -0.34 
7/16/2001 352.4 249.4 219.2 330.6 287.90 300.90 274.90 285.80 290.00 76.23 1.73 -0.09 
10/9/2001 357.7 267.9 262.1 382 317.43 312.80 322.05 309.90 324.95 84.04 -0.61 -0.34 
1/9/2002 385.8 301.2 285.1 395.6 341.93 343.50 340.35 335.45 348.40 90.53 0.21 -0.29 
4/12/2002 390.9 310.2 263.2 370.1 333.60 350.55 316.65 327.05 340.15 88.33 2.25 -0.29 
7/18/2002 346.39 265.03 220.4 323.3 288.78 305.71 271.85 283.39 294.17 76.46 2.25 -0.24 
10/8/2002 344.5 265.3 252.4 363.5 306.43 304.90 307.95 298.45 314.40 81.13 -0.20 -0.36 
1/8/2003 385.9 308.5 295.9 394.3 346.15 347.20 345.10 340.90 351.40 91.65 0.14 -0.24 
4/15/2003 392.4 317.3 275.8 371.1 339.15 354.85 323.45 334.10 344.20 89.80 2.09 -0.23 
7/1/2003 360 288.1 238.7 332.8 304.90 324.05 285.75 299.35 310.45 80.73 2.55 -0.25 
10/7/2003 357.1 284.5 277.7 372.1 322.85 320.80 324.90 317.40 328.30 85.48 -0.27 -0.24 
12/31/2003 387.7 318.7 304.1 392.5 350.75 353.20 348.30 345.90 355.60 92.87 0.33 -0.22 
4/13/2004 389.4 324.2 294.9 381.2 347.43 356.80 338.05 342.15 352.70 91.99 1.25 -0.24 
7/13/2004 348 285.8 241 324.8 299.90 316.90 282.90 294.50 305.30 79.40 2.26 -0.24 
10/8/2004 342.4 281.8 269.4 353.1 311.68 312.10 311.25 305.90 317.45 82.52 0.06 -0.26 
1/7/2005 374.1 315.2 302.9 382.8 343.75 344.65 342.85 338.50 349.00 91.01 0.12 -0.24 
4/8/2005 386.7 328.9 284.3 365 341.23 357.80 324.65 335.50 346.95 90.35 2.20 -0.26 
7/18/2005 343.2 285.5 242.4 322.1 298.30 314.35 282.25 292.80 303.80 78.98 2.13 -0.25 
8/26/2005 337 278.7 250.1 331.1 299.23 307.85 290.60 293.55 304.90 79.23 1.15 -0.25 

10/11/2005 338.7 283.6 264.1 348.6 308.75 311.15 306.35 301.40 316.10 81.75 0.32 -0.33 
1/10/2006 371.5 317.4 297 373.5 339.85 344.45 335.25 334.25 345.45 89.98 0.61 -0.25 

12 

4/9/2006 377.4 324.1 290.6 368.2 340.08 350.75 329.40 334.00 346.15 90.04 1.42 -0.27 
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Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft Cap Side) (cont’d) 

Tie # Date ε5 ε6 ε7 ε8 Avg. ε (ε5+ε6)/2 (ε7+ε8)/2 (ε5+ε7)/2 (ε6+ε8)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 177.4 380.2 417.6 236.2 302.85 278.80 326.90 297.50 308.20 80.19 -3.20 -0.24 
7/15/1999 173.8 378 412.7 230.2 298.68 275.90 321.45 293.25 304.10 79.08 -3.03 -0.24 
8/15/1999 172.8 380.2 439.6 252.6 311.30 276.50 346.10 306.20 316.40 82.42 -4.63 -0.23 
8/31/1999 172.6 378 445.8 257.5 313.48 275.30 351.65 309.20 317.75 83.00 -5.07 -0.19 
9/15/1999 170.9 377.2 447.2 261 314.08 274.05 354.10 309.05 319.10 83.16 -5.32 -0.23 
9/30/1999 176.4 380.7 455.9 269.3 320.58 278.55 362.60 316.15 325.00 84.88 -5.59 -0.20 
10/15/1999 176.7 378.9 468.1 279.5 325.80 277.80 373.80 322.40 329.20 86.26 -6.38 -0.15 
10/31/1999 182.4 385.8 502.1 273.8 336.03 284.10 387.95 342.25 329.80 88.97 -6.90 0.28 
11/15/1999 186.8 392.4 482.7 292 338.48 289.60 387.35 334.75 342.20 89.62 -6.50 -0.17 
11/30/1999 189.8 396.8 638.9 305.6 382.78 293.30 472.25 414.35 351.20 101.35 -11.89 1.41 
12/15/1999 193.5 401.1 516.7 302.2 353.38 297.30 409.45 355.10 351.65 93.56 -7.45 0.08 
12/31/1999 194.7 406.1 507.2 308 354.00 300.40 407.60 350.95 357.05 93.73 -7.12 -0.14 
3/31/2000 194.8 409 492.7 298.7 348.80 301.90 395.70 343.75 353.85 92.35 -6.23 -0.23 
6/30/2000 177.7 389.4 467.2 278.7 328.25 283.55 372.95 322.45 334.05 86.91 -5.94 -0.26 
9/30/2000 174.2 385.1 496.7 308 341.00 279.65 402.35 335.45 346.55 90.29 -8.15 -0.25 
1/13/2001 200.0 418.2 530.3 318.6 366.78 309.10 424.45 365.15 368.40 97.11 -7.67 -0.07 
4/20/2001 194.1 416.2 512.8 310.6 358.43 305.15 411.70 353.45 363.40 94.90 -7.08 -0.22 
7/16/2001 166.5 386.2 469 273.8 323.88 276.35 371.40 317.75 330.00 85.75 -6.32 -0.27 
10/9/2001 171.5 389.1 514.8 315.2 347.65 280.30 415.00 343.15 352.15 92.05 -8.95 -0.20 
1/9/2002 193.6 413.6 539.3 324.6 367.78 303.60 431.95 366.45 369.10 97.38 -8.53 -0.06 
4/12/2002 198.8 418.5 509.3 299.2 356.45 308.65 404.25 354.05 358.85 94.38 -6.35 -0.11 
7/18/2002 161.4 379.1 462.4 262.6 316.38 270.25 362.50 311.90 320.85 83.77 -6.13 -0.20 
10/8/2002 155.8 373.6 686.8 301.1 379.33 264.70 493.95 421.30 337.35 100.43 -15.24 1.88 
1/8/2003 193.1 414 547.6 331 371.43 303.55 439.30 370.35 372.50 98.34 -9.02 -0.05 
4/15/2003 195.8 419.9 560.6 305.7 370.50 307.85 433.15 378.20 362.80 98.10 -8.33 0.34 
7/1/2003 172.1 394.8 479.4 273.9 330.05 283.45 376.65 325.75 334.35 87.39 -6.19 -0.19 
10/7/2003 169 389.1 527.1 317.5 350.68 279.05 422.30 348.05 353.30 92.85 -9.52 -0.12 
12/31/2003 196.2 423.2 560.3 334.7 378.60 309.70 447.50 378.25 378.95 100.24 -9.16 -0.02 
4/13/2004 197.9 424.7 546.1 321.7 372.60 311.30 433.90 372.00 373.20 98.65 -8.15 -0.03 
7/13/2004 155.6 383.5 482.7 266.1 321.98 269.55 374.40 319.15 324.80 85.25 -6.97 -0.13 
10/8/2004 152.2 378.4 519 298.6 337.05 265.30 408.80 335.60 338.50 89.24 -9.54 -0.06 
1/7/2005 180.6 410.6 556.1 324.9 368.05 295.60 440.50 368.35 367.75 97.45 -9.63 0.01 
4/8/2005 188.3 419.5 529.1 301 359.48 303.90 415.05 358.70 360.25 95.18 -7.39 -0.03 
7/18/2005 150.7 376.8 482.9 262.2 318.15 263.75 372.55 316.80 319.50 84.24 -7.23 -0.06 
8/26/2005 144.7 373.1 494.1 275.3 321.80 258.90 384.70 319.40 324.20 85.20 -8.36 -0.11 

10/11/2005 146.5 375.2 533.7 291.5 336.73 260.85 412.60 340.10 333.35 89.15 -10.09 0.15 
1/10/2006 176 407.1 548.8 313.5 361.35 291.55 431.15 362.40 360.30 95.67 -9.28 0.05 

13 

4/9/2006 180.6 412.1 538.7 307.8 359.80 296.35 423.25 359.65 359.95 95.26 -8.43 -0.01 
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Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft Cap Side) (cont’d) 

Tie # Date ε5 ε6 ε7 ε8 Avg. ε (ε5+ε6)/2 (ε7+ε8)/2 (ε5+ε7)/2 (ε6+ε8)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 199.5 418.4 473.6 323.8 353.83 308.95 398.70 336.55 371.10 93.68 -5.96 -0.77 
7/15/1999 194.3 414.4 461.1 314.4 346.05 304.35 387.75 327.70 364.40 91.62 -5.54 -0.82 
8/15/1999 191.0 402.1 488.7 347.5 357.33 296.55 418.10 339.85 374.80 94.61 -8.08 -0.78 
8/31/1999 189.5 395.4 496 352.6 358.38 292.45 424.30 342.75 374.00 94.89 -8.76 -0.70 
9/15/1999 186.8 391.6 503.6 359.8 360.45 289.20 431.70 345.20 375.70 95.44 -9.47 -0.68 
9/30/1999 188.5 396.7 516 369 367.55 292.60 442.50 352.25 382.85 97.32 -9.96 -0.69 
10/15/1999 235.3 403 530.4 378.9 386.90 319.15 454.65 382.85 390.95 102.44 -9.01 -0.18 
10/31/1999 202.7 418.5 524.2 371.5 379.23 310.60 447.85 363.45 395.00 100.41 -9.12 -0.71 
11/15/1999 208.9 426.2 548.2 393.2 394.13 317.55 470.70 378.55 409.70 104.35 -10.18 -0.70 
11/30/1999 212.9 429.2 566.6 409.5 404.55 321.05 488.05 389.75 419.35 107.11 -11.10 -0.66 
12/15/1999 216.9 433.5 561.4 403.7 403.88 325.20 482.55 389.15 418.60 106.93 -10.46 -0.66 
12/31/1999 220.7 443.8 566.6 407.4 409.63 332.25 487.00 393.65 425.60 108.46 -10.28 -0.72 
3/31/2000 215.2 438.2 567.9 406.5 406.95 326.70 487.20 391.55 422.35 107.75 -10.67 -0.69 
6/30/2000 191.3 415.8 542.4 380.7 382.55 303.55 461.55 366.85 398.25 101.29 -10.50 -0.70 
9/30/2000 183.3 409.8 571 409.9 393.50 296.55 490.45 377.15 409.85 104.19 -12.89 -0.73 
1/13/2001 215.4 447.2 588.9 421.9 418.35 331.30 505.40 402.15 434.55 110.77 -11.57 -0.73 
4/20/2001 210.2 445.1 586.6 415.7 414.40 327.65 501.15 398.40 430.40 109.72 -11.53 -0.72 
7/16/2001 171.2 413 554.5 377.7 379.10 292.10 466.10 362.85 395.35 100.37 -11.56 -0.73 
10/9/2001 178.5 417.9 596.2 418.8 402.85 298.20 507.50 387.35 418.35 106.66 -13.91 -0.69 
1/9/2002 206.2 445.9 606.4 430 422.13 326.05 518.20 406.30 437.95 111.77 -12.77 -0.71 
4/12/2002 208.6 449.5 584.1 408.1 412.58 329.05 496.10 396.35 428.80 109.24 -11.10 -0.73 
7/18/2002 161.7 410.1 551.9 368.5 373.05 285.90 460.20 356.80 389.30 98.77 -11.58 -0.73 
10/8/2002 160.2 405.5 592.3 407.7 391.43 282.85 500.00 376.25 406.60 103.64 -14.43 -0.68 
1/8/2003 202 449.1 620.2 437.7 427.25 325.55 528.95 411.10 443.40 113.12 -13.52 -0.72 
4/15/2003 205.4 453.6 590 409.8 414.70 329.50 499.90 397.70 431.70 109.80 -11.32 -0.76 
7/1/2003 171.9 426.9 559.5 377.3 383.90 299.40 468.40 365.70 402.10 101.65 -11.23 -0.82 
10/7/2003 172 424.4 600.8 422.4 404.90 298.20 511.60 386.40 423.40 107.21 -14.18 -0.83 
12/31/2003 205.6 461.3 624.2 444.9 434.00 333.45 534.55 414.90 453.10 114.91 -13.36 -0.86 
4/13/2004 204.7 463.4 611.5 433.1 428.18 334.05 522.30 408.10 448.25 113.37 -12.51 -0.90 
7/13/2004 159.6 424.2 566.4 383.7 383.48 291.90 475.05 363.00 403.95 101.53 -12.17 -0.92 
10/8/2004 153 416.8 590.5 409.5 392.45 284.90 500.00 371.75 413.15 103.91 -14.30 -0.93 
1/7/2005 192.8 454.9 627.8 446.9 430.60 323.85 537.35 410.30 450.90 114.01 -14.19 -0.91 
4/8/2005 205.2 467.5 600.9 425.2 424.70 336.35 513.05 403.05 446.35 112.45 -11.74 -0.97 
7/18/2005 154.9 424.1 560.9 385.2 381.28 289.50 473.05 357.90 404.65 100.95 -12.20 -1.05 
8/26/2005 168.3 416.1 569.1 391.2 386.18 292.20 480.15 368.70 403.65 102.25 -12.49 -0.78 

10/11/2005 152.5 418.5 590.5 413.4 393.73 285.50 501.95 371.50 415.95 104.25 -14.38 -1.00 
1/10/2006 190.7 455.4 615 436.7 424.45 323.05 525.85 402.85 446.05 112.38 -13.48 -0.97 

14 

4/9/2006 196.7 460.2 612.3 436.6 426.45 328.45 524.45 404.50 448.40 112.91 -13.03 -0.98 
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 Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft Cap Side) (cont’d) 

Tie # Date ε5 ε6 ε7 ε8 Avg. ε (ε5+ε6)/2 (ε7+ε8)/2 (ε5+ε7)/2 (ε6+ε8)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
7/1/1999 222.2 -19.9 305.2 560 266.88 101.15 432.60 263.70 270.05 70.66 -22.03 -0.14 
7/15/1999 207.8 -36.8 294.3 540.9 251.55 85.50 417.60 251.05 252.05 66.60 -22.07 -0.02 
8/15/1999 189.9 -53.4 320.4 546.8 250.93 68.25 433.60 255.15 246.70 66.44 -24.28 0.19 
8/31/1999 184.8 -60 330.2 555.2 252.55 62.40 442.70 257.50 247.60 66.87 -25.27 0.22 
9/15/1999 185.7 -57.2 336.6 558.2 255.83 64.25 447.40 261.15 250.50 67.73 -25.46 0.24 
9/30/1999 187.5 -53.7 349.9 570.1 263.45 66.90 460.00 268.70 258.20 69.75 -26.12 0.24 
10/15/1999 195.3 -50.5 375.2 601.5 280.38 72.40 488.35 285.25 275.50 74.23 -27.64 0.22 
10/31/1999 197.3 -39.9 370.8 589.7 279.48 78.70 480.25 284.05 274.90 74.00 -26.69 0.20 
11/15/1999 202.5 -32.3 385.9 601.1 289.30 85.10 493.50 294.20 284.40 76.60 -27.14 0.22 
11/30/1999 206.5 -27.3 398.1 613.9 297.80 89.60 506.00 302.30 293.30 78.85 -27.67 0.20 
12/15/1999 216.1 -19.5 401.6 620.9 304.78 98.30 511.25 308.85 300.70 80.70 -27.44 0.18 
12/31/1999 223.8 -15 410.7 633.4 313.23 104.40 522.05 317.25 309.20 82.93 -27.76 0.18 
3/31/2000 203.5 -16 395.7 633.5 304.18 93.75 514.60 299.60 308.75 80.54 -27.97 -0.20 
6/30/2000 149.3 -41 371.2 553.8 258.33 54.15 462.50 260.25 256.40 68.40 -27.14 0.09 
9/30/2000 154.3 -22.3 411.5 580.2 280.93 66.00 495.85 282.90 278.95 74.38 -28.57 0.09 
1/13/2001 197.9 7.7 446.8 627.1 319.88 102.80 536.95 322.35 317.40 84.69 -28.85 0.11 
4/20/2001 167.6 1.3 434.9 589.5 298.33 84.45 512.20 301.25 295.40 78.99 -28.43 0.13 
7/16/2001 112.8 -20.6 409.7 555.1 264.25 46.10 482.40 261.25 267.25 69.97 -29.00 -0.13 
10/9/2001 136.9 -5.4 451.7 582.7 291.48 65.75 517.20 294.30 288.65 77.17 -30.00 0.13 
1/9/2002 176.6 9 461.6 618.2 316.35 92.80 539.90 319.10 313.60 83.76 -29.71 0.12 
4/12/2002 158.20 3.40 438 581.00 295.25 80.80 509.70 298.30 292.20 78.17 -28.50 0.14 
7/18/2002 86.10 -23.70 405 503.86 242.87 31.20 454.53 245.65 240.08 64.30 -28.13 0.12 
10/8/2002 96.1 2.90 445.20 562.80 276.75 49.50 504.00 270.65 282.85 73.28 -30.21 -0.27 
1/8/2003 165.9 41.91 480.40 628.48 329.17 103.91 554.44 323.15 335.20 87.16 -29.94 -0.27 
4/15/2003 147.5 33.95 455.30 592.01 307.19 90.73 523.65 301.40 312.98 81.33 -28.77 -0.26 
7/1/2003 88.2 9.66 424.1 577.30 274.82 48.93 500.70 256.15 293.48 72.76 -30.02 -0.84 
10/7/2003 103.5 24.24 466.9 574.34 292.25 63.87 520.62 285.20 299.29 77.38 -30.35 -0.32 
12/31/2003 130.5 44.68 481.6 566.95 305.93 87.59 524.27 306.05 305.81 81.00 -29.02 0.01 
4/13/2004 118.2 42.08 471.6 585.31 304.30 80.14 528.45 294.90 313.69 80.57 -29.79 -0.42 
7/13/2004 49.6 8.40 430.9 548.80 259.43 29.00 489.85 240.25 278.60 68.69 -30.63 -0.86 
10/8/2004 54.7 18.19 457.3 588.15 279.59 36.45 522.72 256.00 303.17 74.03 -32.32 -1.06 
1/7/2005 108.7 42.65 486.4 597.82 308.89 75.67 542.11 297.55 320.23 81.78 -31.00 -0.51 
4/8/2005 91.7 33.99 457.3 601.47 296.12 62.85 529.39 274.50 317.73 78.40 -31.01 -0.97 
7/18/2005 28.7 12.91 432.3 605.33 269.81 20.81 518.82 230.50 309.12 71.44 -33.10 -1.76 
8/26/2005 31.4 16.85 447.8 588.39 271.11 24.13 518.10 239.60 302.62 71.78 -32.83 -1.41 

10/11/2005 43.7 14.58 464.4 588.60 277.82 29.14 526.50 254.05 301.59 73.56 -33.05 -1.06 
1/10/2006 96.3 14.58 483.8 588.60 295.82 55.44 536.20 290.05 301.59 78.32 -31.95 -0.26 

26 

4/9/2006 87.1 29.40 477 588.60 295.52 58.25 532.80 282.05 309.00 78.25 -31.54 -0.60 



  

 

  
16

Table 4 Driven Pile Forces and Bending Moments  

Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
07/01/99 903.00 42.30 679.00 - 541.43 472.65 679.00 791.00 42.30 456.92 -73.98 99.88 
07/15/99 918.00 48.00 885.00 - 617.00 483.00 885.00 901.50 48.00 520.69 -144.12 113.86 
07/31/00 932.43 51.99 887.34 - 623.92 492.21 887.34 909.89 51.99 526.53 -141.66 114.44 
08/15/99 940.56 34.46 923.00 - 632.67 487.51 923.00 931.78 34.46 533.91 -156.13 119.70 
08/30/99 948.68 31.28 931.09 - 637.02 489.98 931.09 939.89 31.28 537.58 -158.14 121.21 
09/15/99 955.75 27.83 938.36 - 640.65 491.79 938.36 947.06 27.83 540.64 -160.10 122.62 
09/30/99 959.08 23.03 947.01 - 643.04 491.06 947.01 953.05 23.03 542.66 -163.47 124.06 
10/15/99 963.38 18.85 954.86 - 645.70 491.12 954.86 959.12 18.85 544.90 -166.26 125.43 
10/31/99 973.25 5.58 968.30 - 649.04 489.42 968.30 970.78 5.58 547.73 -171.69 128.76 
11/15/99 973.34 1.26 977.48 - 650.69 487.30 977.48 975.41 1.26 549.12 -175.74 129.95 
11/30/99 975.73 -2.84 980.87 - 651.25 486.45 980.87 978.30 -2.84 549.59 -177.26 130.88 
12/15/99 974.96 -2.47 982.11 - 651.53 486.25 982.11 978.54 -2.47 549.83 -177.77 130.87 
12/31/99 974.03 -54.00 984.71  634.91 460.02 984.71 979.37 -54.00 535.80 -188.11 137.85 
03/31/00 964.52 3.86 981.83 - 650.07 484.19 981.83 973.17 3.86 548.59 -178.41 129.31 
06/30/00 977.80 -36.92 980.73 - 640.54 470.44 980.73 979.27 -36.92 540.55 -182.94 135.56 
09/30/00 1009.20 -10.20 1005.99 - 668.33 499.50 1005.99 1007.60 -10.20 564.01 -181.58 135.77 
01/13/01 1014.1 -29.45 1029.11 - 671.26 492.33 1029.11 1021.61 -29.45 566.48 -192.44 140.21 
04/20/01 1008.3 -18.69 1022.57 - 670.72 494.79 1022.57 1015.42 -18.69 566.02 -189.21 137.95 
07/10/01 1030.4 -8.368 1019.56 - 680.53 511.02 1019.56 1024.98 -8.37 574.30 -182.32 137.85 
10/09/01 1054.3 -20.51 1038.65 - 690.80 516.87 1038.65 1046.45 -20.51 582.96 -187.07 142.33 
01/09/02 1055.96 -29.65 1045.80 - 690.70 513.15 1045.80 1050.88 -29.65 582.88 -190.96 144.14 
04/12/02 1041.9 -24.82 1040.36 - 685.81 508.54 1040.36 1041.13 -24.82 578.76 -190.66 142.20 
07/19/02 1062.21 -17.26 1035.12 17.14 693.36 522.47 1035.12 1048.67 -17.26 585.12 -183.79 142.20 
10/08/02 1086.38 -30.07 1049.75 -6.63 702.02 528.16 1049.75 1068.06 -30.07 592.43 -187.00 146.49 
01/08/03 1080.45 -42.89 1062.94 0.41 700.17 518.78 1062.94 1071.70 -42.89 590.87 -195.09 148.69 
04/15/03 1059.37 -29.65 1049.86 22.95 693.19 514.86 1049.86 1054.62 -29.65 584.99 -191.81 144.64 
06/01/03 1064.93 -31.16 1053.52 21.00 695.77 516.89 1053.52 1059.23 -31.16 587.16 -192.39 145.46 
08/07/03 1083.86 -27.66 1053.40 9.26 703.20 528.10 1053.40 1068.63 -27.66 593.43 -188.33 146.25 
10/07/03 1095.56 -38.67 1066.64 -0.69 707.84 528.45 1066.64 1081.10 -38.67 597.35 -192.95 149.38 
12/31/03 1100.15 -54.88 1082.97 -0.89 709.41 522.64 1082.97 1091.56 -54.88 598.68 -200.89 152.93 
04/13/04 1080.17 -43.67 1074.07 21.65 703.52 518.25 1074.07 1077.12 -43.67 593.70 -199.27 149.51 
07/13/04 1101.53 -34.89 1072.49 10.76 713.04 533.32 1072.49 1087.01 -34.89 601.74 -193.30 149.66 
10/08/04 1122.82 -45.70 1085.57 -8.86 720.90 538.56 1085.57 1104.19 -45.70 608.36 -196.11 153.40 
01/07/05 1116.60 -58.49 1097.39 -8.94 718.50 529.06 1097.39 1107.00 -58.49 606.34 -203.76 155.48 
04/08/05 1099.01 -52.77 1096.58 5.48 714.28 523.12 1096.58 1097.80 -52.77 602.78 -205.59 153.49 
07/18/05 1116.44 -41.55 1096.58 -2.36 723.82 537.44 1096.58 1106.51 -41.55 610.83 -200.46 153.15 
08/26/05 1128.14 -43.63 1095.73 -10.20 726.75 542.26 1095.73 1111.93 -43.63 613.30 -198.43 154.15 
11/12/05 1127.45 -44.76 1095.72 -9.67 726.14 541.34 1095.72 1111.58 -44.76 612.79 -198.75 154.26 
01/10/06 1129.36 -64.30 1095.72 -19.70 720.26 532.53 1095.72 1112.54 -64.30 607.83 -201.91 156.99 

1 

04/09/06 1114.90 -55.20 1095.72 -1.14 718.47 529.85 1095.72 1105.31 -55.20 606.32 -202.87 154.81 
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 Table 4 Driven Pile Forces and Bending Moments (cont’d) 

Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
07/01/99 575.00 589.00 243.00 - 469.00 582.00 243.00 409.00 589.00 395.79 121.54 -24.01 
07/15/99 585.00 602.00 237.00 - 474.67 593.50 237.00 411.00 602.00 400.57 127.81 -25.48 
07/31/00 594.35 611.17 230.68 - 478.73 602.76 230.68 412.52 611.17 404.00 133.40 -26.50 
08/15/99 596.87 611.09 242.58 336.68 446.81 603.98 289.63 419.73 473.89 377.06 112.70 -7.22 
08/30/99 601.58 616.82 241.00 - 486.47 609.20 241.00 421.29 616.82 410.53 132.00 -26.08 
09/15/99 605.96 622.42 240.47 - 489.62 614.19 240.47 423.22 622.42 413.19 133.98 -26.57 
09/30/99 609.62 624.20 240.71 336.98 452.88 616.91 288.85 425.17 480.59 382.18 117.62 -7.39 
10/15/99 612.87 629.40 240.27 336.21 454.69 621.14 288.24 426.57 482.81 383.71 119.35 -7.50 
10/31/99 616.45 631.80 243.11 336.29 456.91 624.13 289.70 429.78 484.05 385.59 119.90 -7.24 
11/15/99 619.54 632.45 245.83 337.79 458.90 626.00 291.81 432.69 485.12 387.27 119.81 -6.99 
11/30/99 623.35 635.58 248.71 340.31 461.99 629.47 294.51 436.03 487.95 389.87 120.09 -6.93 
12/15/99 624.21 637.77 247.77 339.95 462.43 630.99 293.86 435.99 488.86 390.24 120.87 -7.05 
12/31/99 626.60 640.86 249.37 341.45 464.57 633.73 295.41 437.99 491.16 392.05 121.29 -7.09 
03/31/00 634.53 648.30 254.69 346.89 471.10 641.41 300.79 444.61 497.60 397.56 122.12 -7.07 
06/30/00 640.05 652.80 250.99 342.06 471.48 646.43 296.53 445.52 497.43 397.88 125.44 -6.93 
09/30/00 647.16 661.13 247.62 336.78 473.17 654.14 292.20 447.39 498.96 399.31 129.76 -6.88 
01/13/01 654.06 665.11 256.39 342.22 479.45 659.59 299.31 455.23 503.67 404.61 129.16 -6.46 
04/20/01 654.43 664.71 260.37 345.47 481.25 659.57 302.92 457.40 505.09 406.12 127.86 -6.36 
07/10/01 661.46 672.1 256.15 342.75 483.11 666.78 299.45 458.80 507.43 407.70 131.69 -6.49 
10/09/01 668.36 679 251.93 338.20 484.37 673.68 295.06 460.14 508.60 408.76 135.74 -6.46 
01/09/02 671.08 683.47 252.17 337.92 486.16 677.28 295.04 461.63 510.69 410.27 137.04 -6.55 
04/12/02 669.17 680.02 256.68 342.06 486.98 674.60 299.37 462.93 511.04 410.96 134.52 -6.42 
07/19/02 671.69 683.96 253.27 272.93 470.46 677.83 263.10 462.48 478.44 397.02 148.69 -2.13 
10/08/02 678.60 692.21 247.01 332.37 487.54 685.40 289.69 462.80 512.29 411.44 141.87 -6.60 
01/08/03 678.44 689.32 251.28 334.22 488.31 683.88 292.75 464.86 511.77 412.09 140.22 -6.26 
04/15/03 679.45 692.45 254.73 341.09 491.93 685.95 297.91 467.09 516.77 415.14 139.12 -6.63 
06/01/03 678.76 689.85 256.43 341.09 491.53 684.30 298.76 467.60 515.47 414.80 138.22 -6.39 
08/07/03 682.33 695.54 251.15 336.74 491.44 688.94 293.95 466.74 516.14 414.73 141.61 -6.59 
10/07/03 686.23 700.57 250.14 334.87 492.95 693.40 292.50 468.19 517.72 416.00 143.73 -6.61 
12/31/03 689.48 700.61 257.04 341.05 497.05 695.05 299.04 473.26 520.83 419.46 141.97 -6.35 
04/13/04 689.24 699.88 260.70 346.65 499.12 694.56 303.68 474.97 523.27 421.21 140.14 -6.44 
07/13/04 693.10 667.59 255.46 341.33 489.37 680.34 298.39 474.28 504.46 412.98 136.93 -4.03 
10/08/04 699.03 710.89 250.83 337.39 499.53 704.96 294.11 474.93 524.14 421.56 147.30 -6.56 
01/07/05 699.07 711.46 253.31 339.95 500.95 705.26 296.63 476.19 525.70 422.75 146.50 -6.61 
04/08/05 696.43 708.09 257.94 343.81 501.57 702.26 300.87 477.18 525.95 423.27 143.90 -6.51 
07/18/05 699.56 708.33 253.71 338.36 499.99 703.94 296.04 476.64 523.35 421.94 146.24 -6.23 
08/26/05 702.04 711.17 250.91 335.97 500.02 706.61 293.44 476.47 523.57 421.97 148.13 -6.28 
11/12/05 701.95 699.60 251.68 337.06 497.57 700.78 294.37 476.82 518.33 419.90 145.70 -5.54 
01/10/06 705.16 715.03 253.47 339.58 503.31 710.10 296.53 479.32 527.31 424.75 148.27 -6.40 

17 

04/09/06 703.94 713.04 259.52 343.20 504.93 708.49 301.36 481.73 528.12 426.11 145.96 -6.19 
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Table 4 Driven Pile Forces and Bending Moments (cont’d) 

Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
07/01/99 546.00 501.00 248.00 173 367.00 523.50 210.50 397.00 337.00 309.71 112.21 8.00 
07/15/99 557.00 513.00 243.00 229 385.50 535.00 236.00 400.00 371.00 325.32 107.20 3.87 
07/31/00 565.55 519.94 239.54 224.26 387.32 542.75 231.90 402.55 372.10 326.86 111.44 4.06 
08/15/99 567.71 520.14 230.56 232.51 387.73 543.93 231.54 399.14 376.33 327.21 112.00 3.04 
08/30/99 573.72 526.52 247.46 232.87 395.14 550.12 240.17 410.59 379.70 333.46 111.12 4.12 
09/15/99 578.06 532.08 246.65 233.61 397.60 555.07 240.13 412.36 382.85 335.53 112.91 3.94 
09/30/99 582.49 534.97 247.46 234.05 399.74 558.73 240.76 414.98 384.51 337.34 114.00 4.06 
10/15/99 586.68 538.17 247.25 235.23 401.83 562.43 241.24 416.97 386.70 339.11 115.15 4.04 
10/31/99 590.77 539.40 249.37 235.6 403.79 565.09 242.49 420.07 387.50 340.75 115.66 4.34 
11/15/99 592.65 540.65 251.68 237.47 405.61 566.65 244.58 422.17 389.06 342.30 115.47 4.42 
11/30/99 596.63 527.25 254.12 239.69 404.42 561.94 246.91 425.38 383.47 341.29 112.94 5.59 
12/15/99 599.47 545.53 254.12 239.05 409.54 572.50 246.59 426.80 392.29 345.61 116.84 4.60 
12/31/99 601.54 548.45 255.38 239.17 411.14 575.00 247.28 428.46 393.81 346.96 117.49 4.62 
03/31/00 610.32 554.87 262.08 243.60 417.72 582.59 252.84 436.20 399.23 352.51 118.22 4.93 
06/30/00 616.94 539.60 260.98 238.93 414.11 578.27 249.96 438.96 389.26 349.47 117.70 6.63 
09/30/00 625.63 400.76 255.58 232.18 378.54 513.19 243.88 440.61 316.47 319.45 96.55 16.56 
01/13/01 632.37 566.69 264.44 235.84 424.83 599.53 250.14 448.40 401.26 358.52 125.26 6.29 
04/20/01 632.58 561.53 268.38 236.21 424.67 597.05 252.29 450.48 398.87 358.38 123.60 6.88 
07/10/01 639.68 569.29 264.64 234.54 427.04 604.49 249.59 452.16 401.91 360.38 127.23 6.70 
10/09/01 646.51 576.52 259.81 232.14 428.74 611.51 245.97 453.16 404.33 361.82 131.05 6.51 
01/09/02 650.89 576.84 259.68 230.92 429.59 613.87 245.30 455.29 403.88 362.53 132.14 6.86 
04/12/02 650.12 570.1 264.192 232.55 429.24 610.11 248.37 457.16 401.33 362.24 129.69 7.45 
07/19/02 653.45 572.46 260.90 226.38 428.30 612.96 243.64 457.18 399.42 361.44 132.40 7.71 
10/08/02 659.69 581.14 254.65 222.68 429.54 620.41 238.66 457.17 401.91 362.49 136.86 7.37 
01/08/03 657.76 576.89 257.57 224.47 429.17 617.32 241.02 457.67 400.68 362.18 134.91 7.60 
04/15/03 661.78 576.19 262.16 228.04 432.04 618.99 245.10 461.97 402.12 364.60 134.04 7.98 
06/01/03 661.37 572.66 264.07 227.59 431.43 617.02 245.83 462.72 400.13 364.08 133.07 8.35 
08/07/03 665.76 577.29 258.18 222.76 431.00 621.53 240.47 461.97 400.03 363.72 136.61 8.26 
10/07/03 669.26 582.73 256.11 222.56 432.66 625.99 239.33 462.68 402.65 365.13 138.62 8.01 
12/31/03 670.27 581.39 262.53 229.62 435.95 625.83 246.08 466.40 405.51 367.90 136.15 8.12 
04/13/04 669.42 576.64 266.47 232.35 436.22 623.03 249.41 467.94 404.49 368.12 133.95 8.46 
07/13/04 672.95 578.63 261.80 224.79 434.54 625.79 243.29 467.37 401.71 366.71 137.13 8.76 
10/08/04 677.95 587.12 255.42 222.31 435.70 632.53 238.87 466.68 404.72 367.69 141.14 8.27 
01/07/05 677.50 586.02 257.61 226.05 436.80 631.76 241.83 467.56 406.04 368.61 139.80 8.21 
04/08/05 674.17 580.83 263.14 227.80 436.48 627.50 245.47 468.65 404.31 368.35 136.96 8.58 
07/18/05 677.87 580.70 259.40 221.74 434.93 629.29 240.57 468.63 401.22 367.04 139.36 8.99 
08/26/05 679.25 583.30 256.27 219.43 434.56 631.28 237.85 467.76 401.37 366.73 141.05 8.86 
11/12/05 679.13 583.14 256.88 220.08 434.81 631.13 238.48 468.00 401.61 366.93 140.77 8.86 
01/10/06 679.45 587.32 257.33 223.00 436.78 633.39 240.17 468.39 405.16 368.60 140.97 8.43 

18 

04/09/06 679.57 583.14 263.01 226.46 438.05 631.36 244.74 471.29 404.80 369.67 138.61 8.87 
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Table 4 Driven Pile Forces and Bending Moments (cont’d) 

Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
07/01/99 566.97 586.00 298.00 228.9 419.97 576.49 263.45 432.49 407.45 354.41 112.23 3.34 
07/15/99 580.00 597.00 294.00 224 423.75 588.50 259.00 437.00 410.50 357.60 118.13 3.54 
07/31/00 588.71 606.46 291.38 218.62 426.29 597.59 255.00 440.05 412.54 359.75 122.82 3.67 
08/15/99 591.02 607.35 300.95 227.92 431.81 599.19 264.44 445.99 417.64 364.40 120.01 3.78 
08/30/99 595.94 613.52 300.59 229.63 434.92 604.73 265.11 448.27 421.58 367.03 121.76 3.56 
09/15/99 599.88 617.91 300.67 229.54 437.00 608.90 265.11 450.28 423.73 368.78 123.25 3.54 
09/30/99 603.53 621.65 302.70 229.75 439.41 612.59 266.23 453.12 425.70 370.82 124.18 3.66 
10/15/99 607.51 625.02 302.29 229.71 441.13 616.27 266.00 454.90 427.37 372.27 125.57 3.67 
10/31/99 611.37 627.25 306.07 229.7 443.60 619.31 267.89 458.72 428.48 374.35 125.99 4.03 
11/15/99 613.61 627.78 308.31 232.67 445.59 620.70 270.49 460.96 430.23 376.04 125.55 4.10 
11/30/99 616.29 630.54 313.83 234.7 448.84 623.42 274.27 465.06 432.62 378.78 125.17 4.33 
12/15/99 617.83 631.44 314.03 234.9 449.55 624.64 274.47 465.93 433.17 379.38 125.54 4.37 
12/31/99 619.94 634.20 314.36 236.45 451.24 627.07 275.41 467.15 435.33 380.80 126.08 4.25 
03/31/00 629.45 639.44 320.33 239.74 457.24 634.44 280.03 474.89 439.59 385.86 127.06 4.71 
06/30/00 636.15 643.50 317.81 51.91 412.34 639.83 184.86 476.98 347.71 347.98 163.11 17.25 
09/30/00 646.59 651.99 312.33 231.29 460.55 649.29 271.81 479.46 441.64 388.66 135.33 5.04 
01/13/01 653.45 657.07 320.21 236.77 466.88 655.26 278.49 486.83 446.92 394.00 135.08 5.32 
04/20/01 651.46 653.21 324.03 237.42 466.53 652.34 280.72 487.74 445.32 393.71 133.23 5.66 
07/10/01 658.86 661.17 320.61 235.03 468.92 660.01 277.82 489.74 448.10 395.72 137.02 5.55 
10/09/01 667.35 669.26 315.37 230.97 470.74 668.30 273.17 491.36 450.11 397.25 141.66 5.50 
01/09/02 670.88 671.77 315.66 229.71 472.00 671.33 272.68 493.27 450.74 398.32 142.92 5.67 
04/12/02 667.71 665.64 321.06 231.62 471.51 666.68 276.34 494.39 448.63 397.90 139.94 6.10 
07/19/02 673.44 667.87 319.88 227.72 472.23 670.66 273.80 496.66 447.79 398.51 142.28 6.52 
10/08/02 681.93 676.18 313.24 222.91 473.56 679.05 268.07 497.58 449.54 399.64 147.34 6.41 
01/08/03 682.42 673.60 316.88 225.03 474.48 678.01 270.96 499.65 449.32 400.42 145.93 6.71 
04/15/03 686.11 672.95 321.26 228.37 477.17 679.53 274.81 503.69 450.66 402.69 145.10 7.07 
06/01/03 685.30 670.80 322.48 227.84 476.60 678.05 275.16 503.89 449.32 402.21 144.44 7.28 
08/07/03 689.12 675.35 317.28 223.09 476.21 682.23 270.18 503.20 449.22 401.87 147.72 7.20 
10/07/03 694.48 681.03 314.64 222.27 478.11 687.76 268.46 504.56 451.65 403.47 150.32 7.06 
12/31/03 695.94 680.95 322.73 229.34 482.24 688.45 276.03 509.33 455.15 406.96 147.86 7.23 
04/13/04 695.62 676.77 330.77 231.41 483.64 686.19 281.09 513.19 454.09 408.15 145.23 7.88 
07/13/04 700.37 679.61 327.88 224.22 483.02 689.99 276.05 514.13 451.92 407.62 148.40 8.30 
10/08/04 706.18 688.67 321.87 221.22 484.48 697.43 271.54 514.03 454.94 408.86 152.68 7.88 
01/07/05 705.37 688.14 324.72 224.55 485.69 696.75 274.63 515.04 456.35 409.88 151.34 7.83 
04/08/05 702.85 682.86 329.75 226.66 485.53 692.86 278.21 516.30 454.76 409.74 148.66 8.21 
07/18/05 706.50 683.55 327.15 219.55 484.19 695.03 273.35 516.83 451.55 408.61 151.18 8.71 
08/26/05 708.05 686.48 322.81 217.89 483.80 697.26 270.35 515.43 452.18 408.28 153.05 8.44 
11/12/05 707.97 686.27 323.74 218.33 484.08 697.12 271.04 515.85 452.30 408.51 152.76 8.48 
01/10/06 710.04 690.54 324.68 221.62 486.72 700.29 273.15 517.36 456.08 410.74 153.13 8.17 

19 

04/09/06 709.47 686.72 329.75 224.34 487.57 698.10 277.05 519.61 455.53 411.46 150.95 8.55 
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Table 4 Driven Pile Forces and Bending Moments (cont’d) 

Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2
Axial Force 

(Kip) 
Moment(x) 

(Kip-ft) 
Moment(y) 

(Kip-ft) 
07/01/99 271.75 436.00 261.00 583.00 387.94 353.88 422.00 266.38 509.50 327.38 -24.42 -32.43 
07/15/99 279.00 617.00 253.00 583.00 433.00 448.00 418.00 266.00 600.00 365.41 10.76 -44.56 
07/31/00 282.79 647.00 243.64 585.13 439.64 464.90 414.39 263.22 616.07 371.01 18.11 -47.07 
08/15/99 272.89 690.09 251.16 614.66 457.20 481.49 432.91 262.03 652.38 385.83 17.42 -52.07 
08/30/99 265.66 576.80 245.14 627.09 428.67 421.23 436.12 255.40 601.95 361.76 -5.34 -46.23 
09/15/99 265.08 802.81 242.34 635.26 486.37 533.95 438.80 253.71 719.04 410.45 34.11 -62.07 
09/30/99 260.50 807.40 238.64 642.65 487.30 533.95 440.65 249.57 725.03 411.23 33.45 -63.43 
10/15/99 256.43 811.14 234.46 648.58 487.65 533.79 441.52 245.45 729.86 411.53 33.08 -64.62 
10/31/99 240.47 824.02 221.62 665.31 487.86 532.25 443.47 231.05 744.67 411.70 31.83 -68.52 
11/15/99 241.93 831.45 224.75 676.77 493.73 536.69 450.76 233.34 754.11 416.65 30.81 -69.47 
11/30/99 240.47 835.88 224.26 648.85 487.37 538.18 436.56 232.37 742.37 411.29 36.43 -68.03 
12/15/99 241.41 836.77 222.35 684.04 496.14 539.09 453.20 231.88 760.41 418.69 30.79 -70.51 
12/31/99 242.22 836.08 224.14 684.93 496.84 539.15 454.54 233.18 760.51 419.29 30.34 -70.35 
03/31/00 257.37 828.85 237.38 675.92 499.88 543.11 456.65 247.38 752.38 421.85 31.00 -67.37 
06/30/00 266.43 846.32 225.20 500.93 459.72 556.37 363.06 245.81 673.62 387.96 69.30 -57.07 
09/30/00 257.37 895.02 196.89 705.00 513.57 576.19 450.94 227.13 800.01 433.40 44.90 -76.42 
01/13/01 247.90 856.11 197.37 729.58 507.74 552.01 463.47 222.64 792.84 428.48 31.74 -76.07 
04/20/01 44.66 883.01 212.28 457.21 399.29 463.83 334.74 128.47 670.11 336.96 46.28 -72.25 
07/10/01 -279.94 502.86 204.24 66.21 123.34 111.46 135.22 -37.85 284.53 104.09 -8.52 -43.01 
10/09/01 442.16 725.37 50.98 1199.89 604.60 583.76 625.44 246.57 962.63 510.22 -14.94 -95.52 
01/09/02 263.63 616.73 159.27 765.05 451.17 440.18 462.16 211.45 690.89 380.74 -7.88 -63.96 
04/12/02 67.35 579.97 58.13 501.01 301.61 323.66 279.57 62.74 540.49 254.53 15.81 -63.73 
07/19/02 288.69 941.04 187.83 727.59 536.29 614.86 457.71 238.26 834.31 452.57 56.34 -79.51 
10/08/02 277.15 962.54 162.58 740.98 535.81 619.84 451.78 219.86 851.76 452.17 60.25 -84.29 
01/08/03 256.07 949.53 162.24 758.66 531.62 602.80 460.45 209.15 854.10 448.64 51.04 -86.04 
04/15/03 277.19 928.37 189.53 744.52 534.90 602.78 467.03 233.36 836.45 451.41 48.67 -80.45 
06/01/03 277.96 939.01 184.90 749.68 537.89 608.49 467.29 231.43 844.35 453.93 50.62 -81.76 
08/07/03 288.69 965.09 171.66 750.09 543.88 626.89 460.87 230.17 857.59 458.98 59.52 -83.70 
10/07/03 274.96 978.21 155.53 762.84 542.89 626.58 459.19 215.25 870.53 458.14 60.01 -87.41 
12/31/03 258.26 983.57 156.83 795.22 548.47 620.92 476.03 207.55 889.40 462.86 51.95 -90.96 
04/13/04 281.17 960.30 188.88 781.65 553.00 620.73 485.27 235.03 870.97 466.68 48.57 -84.84 
07/13/04 302.86 991.98 173.93 772.27 560.26 647.42 473.10 238.40 882.12 472.80 62.50 -85.87 
10/08/04 295.63 1004.49 151.19 786.40 559.43 650.06 468.80 223.41 895.45 472.10 64.99 -89.65 
01/07/05 277.35 997.91 148.79 798.02 555.52 637.63 473.41 213.07 897.97 468.80 58.88 -91.36 
04/08/05 286.74 978.21 166.99 788.76 555.17 632.47 477.87 226.86 883.49 468.51 55.43 -87.59 
07/18/05 304.00 1000.02 160.94 783.60 562.14 652.01 472.27 232.47 891.81 474.39 64.44 -87.96 
08/26/05 301.85 1018.4 147.73 791.81 564.94 660.12 469.77 224.79 905.09 476.76 68.24 -90.75 
11/12/05 300.51 1018.3 147.82 793.35 564.99 659.40 470.58 224.16 905.83 476.80 67.70 -90.93 
01/10/06 274.59 1009.4 138.15 808.34 557.62 642.00 473.24 206.37 908.87 470.58 60.50 -93.71 

34 

04/09/06 283.04 986.09 160.45 798.02 556.90 634.57 479.23 221.74 892.06 469.97 55.69 -89.42 
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Fig.4 Location and designation of the strain gages in shaft # 9.
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Fig. 7  Anchor load vs. date
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Fig. 8  Tie Beam Axial Force from Gages On Drilled Shaft Side
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Fig. 9  Tie Beam Axial Force from Gages On Pile Cap Side
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Fig. 10  Avg. Force of all Instrumented tie beams for Pile Cap and Drilled Shaft Sides
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Fig. 11  Tie Beam Major Bending Moment from Gages On Pile Cape Side
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Fig. 12 Tie Beam Major Bending Moment from Gages On Pile Cap Side
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Fig. 13 Tie Beam Avg. Major Bending Moment From Gages for Pile Cap and Drilled 
Shaft Sides
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Fig. 14  Axial Force Vs. Date in Driven Piles #1, #17, #18, #19 and #34

0

100

200

300

400

500

600

700

1/5/1998 11/1/1998 8/28/1999 6/23/2000 4/19/2001 2/13/2002 12/10/2002 10/6/2003 8/1/2004 5/28/2005 3/24/2006

Date

A
xi

al
 F

or
ce

, k
ip

s

Pile #1
Pile #17
Pile #18
Pile #19
Pile #34

#18

#34

#1

#19
#17

 



  

 

  
35

Fig. 15 Major Bending Moment Vs. Date in Driven Pile #1, #17, #18, #19, and #34
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Fig. 16 Shaft #9, Bending moment vs. date in different elevations below the top of cap
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 Fig. 17 Shaft #1, Bending moment vs. date in different elevations below the top of cap
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Fig. 18  Shaft # 9, Bending Moment vs. depth
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Fig. 19  Shaft # 1, Bending Moment vs. depth
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CUY-90-1524 
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RICHLAND ENGINEERING LIMITED
29 North Park Street, Mansfield, Ohio 44902-1769 • 419-524-0074 FAX 419-524-1812

106017

June 1, 2007

Ohio Department of Transportation
5500 Transportation Boulevard
Garfield Heights, Ohio  44125

Attn: Mr. Michael Malloy, P.E.
Re: CUY-90-1524

Central Viaduct
PID No. 77332
Monitoring Services
Annual Report

Dear Mr. Malloy:

Enclosed are two (2) copies of the following information:

• BBC&M Engineering, Inc.’s Annual Report dated May 2007 with information on the
inclinometer readings taken through April 2007.

• Richland Engineering Limited schematic drawings of span 1 and 2, north and south truss
measurements; relative span lengths; deck expansion joint openings; seat elevations;
tabulations of pier location data; and plots of pier location data through October 2006.

• A. Huckelbridge tiltmeter data for pier 1 and the west end pier from July 27, 1999 through
April 24, 2007.

• R. Liang annual instrumentation monitoring report dated May 2007.

• CD containing electronic files of the letter and annual report in .pdf format.

Note:  For discussion, North is assumed to the left, perpendicular to the local centerline of bridge,
toward Lake Erie.

The rock anchors were tensioned in April 1999 which put the stabilization structure in service.  Site
grading work was completed in May 1999.  The span 1 superstructure was relocated in August 1999.
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A study entitled  "West End Slope and Substructure Evaluation," May 2005, was prepared by
Richland Engineering Limited, BBC&M Engineering, Inc., Arthur Huckelbridge, and Robert Liang.
The study was prepared for ODOT and evaluated the suitability of the existing west end pier, pier
1, west end slope, and slope stabilization structure for reuse in a rehabilitated structure.

The last annual report was dated June 1, 2006, for data collected through April 2006.

We have the following observations on the data collected:

1. A shallow failure plane is evident in data from inclinometers B-203, B-303, and B-110.  B-203
and B-303 are located upslope of pier 1 and show an average rate of movement at the shallow
failure plane of 0.05 inches per year.  The average rate of movement of the shallow failure
plane appears to have decreased to about 0.03 inches per year from 2004 to the present.  B-110
was destroyed in mid-March 2006, by excavation activities performed in an attempt to repair
a failed bulkhead to the north.  Inclinometer B-110 was located north of pier 1 and showed an
average rate of movement at the shallow failure plane of 0.15 inches per year.  Replacement
inclinometer B-05-16 was installed adjacent to the right-of-way fence near the previous
location of B-110 and baseline readings were taken in June 2006.  The top 30 feet of B-05-16
has shown some movement in the past year.

2. A deep failure plane is evident in data from inclinometers B-102, B-107, B-203, B-204, and
B-303.  B-102 and B-107 are located at the top of the slope west of the west end pier and show
an average rate of movement at the deep failure plane of 0.03 inches per year.  B-203 and B-
303 are located upslope of pier 1 and B-204 is located between the pier 1 legs.  The average
rate of movement at the deep failure plane in the area of pier 1 is 0.06 inches per year.  The
average rate of movement of the deep failure plane in the immediate vicinity and upslope from
the pier 1 area appears to have decreased to about 0.02 inches per year from 2004 to the
present.

3. Inclinometers B-105 and B-108 can no longer be read due to deflection of the casings.

4. Replacement inclinometers B-105A and B-108A were installed next to the inactivated
inclinometers in April and May 2006.  Baseline readings were taken at these inclinometers in
June 2006.  Possible slide planes have been observed.  However, it may be several years before
evidence of any slide planes is well defined.

5. New inclinometers were installed at B-05-01 through B-05-04, B-05-07, B-05-08 and B-05-11
through B-05-13, between April and June 2006.  Baseline readings were taken at these
inclinometers in June 2006.  Possible slide planes have been observed in B-05-02 and B-05-03.
However, it may be several years before evidence of any slide planes is well defined.

6. Inclinometer B-101, at the top of the slope west of the west end pier, has shown no significant
movement since it was installed.
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7. BBC&M's inclinometer P#9N is the same inclinometer tube as Dr. Liang's inclinometer #9B.
Inclinometer #9B was blocked and no longer readable when Dr. Liang took the April 2007
measurements.  BBC&M's readings show about 0.45 inch top displacement and a bending
deflection 40 to 50 feet down the shaft of about 0.9 inches.

8. Pneumatic piezometer readings have shown no significant change from previous readings.  The
maximum change in water elevation during the past year occurred in B-105 blue and varied
by 1.9 feet.  Piezometers B-105 pink and B-105 blue continue to indicate an elevated water
level.

9. New vibrating wire piezometers were installed in offset boreholes at B-05-01 through B-05-04,
B-05-07, B-05-08 and B-05-11 through B-05-13, between May and June 2006.  Two
piezometers were installed at each of the nine locations.  The piezometers have shown stable
or gradually increasing pore pressures.  Piezometer B-05-13 exhibited a sudden pressure
decrease in September 2006, but has since recovered.

10. The Calipered Crack Distance measurements at the top of the concrete slope protection by the
west end pier show no significant change.  The measurements are showing an average
movement of 0.06 inches per year since 1999.

11. Aggregate piles of varying sizes and locations were observed at the site in the area adjacent to
the south right-of-way fence.  A large aggregate pile was observed in July and October 2006,
south of the right-of-way fence.  Relatively small aggregate piles were observed in July 2006,
and January and April 2007.

12. BBC&M personnel observed a small landslide appearing in January 2007 located at the north
right of way line on the west side of the river.  The landslide is near the excavation performed
for the dock wall repair on the adjacent property.

13. Comparing October 2006 survey measurements with October 2000 data, it appears that the
west end pier and pier 1 have moved toward the river with the span 1 distance showing little
change and the span 2 distance decreasing about 0.78 inches.

14. The position of the north and south west end pier legs have moved toward the river
approximately 0.90 inches and 0.56 inches, respectively, since October 2000.

15. The position of the top of each of the north and south legs of pier 1 appear to have moved
toward the river approximately 0.62 inches and 0.85 inches, respectively, since October 2000.

16. The drilled shaft structure appears to be rotating with the south end moving ahead of the north
end about 0.69 inches since October 2000.
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17. There has been no significant change (less than 0.6 inches) in the pier seat elevations.

18. In 1999, truss span 1 and 75% of span 2 were relocated to the west by approximately 3 inches
to reopen the expansion joint in span 2.  Since the relocation, maximum expansion joint
openings have been measured of 2.38 inches at the north curb and 1.88 inches at the south
curb.  During the past year the openings varied from 0.63 inch to 1.38 inches at the north curb
and 0.19 inch to 0.88 inch at the south curb for steel temperatures ranging between 34/ and
78/F.  It appears that about 0.83 inches of expansion opening has been lost since October 2000.

19. Tiltmeter readings have been relatively steady for the past year showing rates and magnitudes
of movement similar to past readings.  Tiltmeter #2 indicates a continued increase in the
"northward" inclination of the north leg of the west end pier.  There is indication of movement
of the top of the pier 1 legs with temperature changes.  The west end pier legs appear to be
continuing their long-term trends of spreading (north west end pier tilting to the north and
south west end pier tilting toward the south) and both west end piers tilting toward the river.
The truss and approach span superstructures have rocker nests to accommodate movement in
the transverse direction, minimizing the impact of the west end pier tilting on the structure.

20. The instrumentation readings in the rock anchors, driven piles, and tieback beams have been
steady.  The instrumentation readings in the drilled shafts have shown a continued increase in
bending moments.  Inclinometers in the drilled shafts are also showing increased deflections.

21. The 17 rock anchors are made up of 16 strands of 0.6 inch diameter 270 ksi steel material.  The
anchors were initially tensioned to ±10% of the design load.  Actual measured values in the
4 anchors being monitored were 490 kips to 600 kips at lock-off.  After initial losses the
anchors had a gradual reduction in load on the order of 3% to 9% in the first year.  Present load
levels in the anchors being monitored are 361 kips to 501 kips.  The rock anchor loads continue
to decrease at a slow rate.

22. The 34 anchor structure piles are HP 14x89 steel piles.  Actual measured values in the 5 piles
being monitored were 371 kips to 472 kips for piles #17, 18, 19, and 34 with pile #1 measured
at 608 kips.  There is significant bending (up to 202 kip-ft.) in some of the piles at the gage
locations.  The gages are located at the top of the pile.  The pile loads have increased very
slowly since the stabilization structure was loaded.

23. The tiebacks that are being monitored between the anchor structure and the drilled shaft
structure are W8x35 rolled steel sections.  Actual measured values in the 5 tiebacks being
monitored were 110 kips to 143 kips at the anchor structure end, and 39 to 113 kips at the
drilled shaft structure end.  There is significant bending (up to 51 kip-ft.) in the tiebacks at the
gage locations at the ends of the tiebacks.  There is less bending in the tiebacks at the drilled
shaft structure end.  The tieback loads increased with time for the first year, but have become
steady over the past six years with one exception.  The load in tieback #26 has continued to
slowly increase on the driven pile end cap.  The tieback forces oscillate through one cycle in
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a year due to the seasonal change in temperature.  The tieback forces are up to 15 kips higher
during the winter than in the summer months.

24. There are seventeen 72 inch diameter reinforced concrete filled drilled shafts in the drilled
shaft structure.  Actual moments measured in the drilled shafts were a maximum of 1,900 kip-
feet at a depth of 95 feet in Shaft #9.  The moments in the drilled shafts have been increasing
with time at a fairly constant rate.

25. Dr. Liang has been monitoring 7 inclinometers in 6 of the drilled shafts.  The inclinometers
indicate a gradual change in the deflection of the shafts with deflection at the top varying from
0.3 to 1.1 inches and the maximum deflection below the top of the shaft at 1.65 inches in the
longitudinal direction.

We have the following comments regarding the evaluation and monitoring data:

1. There is movement at the shallow failure plane within the influence of the stabilization
structure, but it is moving at a slower rate than the adjacent soil mass.  The movement is at an
average rate of about 0.05 inches per year since 1999.  This rate appears to have decreased to
about 0.03 inches per year from 2004 to the present.

2. There is movement at the deep failure plane within the influence of the stabilization structure,
but it is also moving at a slower rate than the adjacent soil mass.  The average rate of
movement south of the west end pier is 0.03 inches per year.  The average rate of movement
in the pier 1 area appears to have decreased in the last few years.  The average rate of
movement from April 1999 to April 2007 is 0.06 inches per year, but from October 2004 to
April 2007 the rate has decreased to 0.02 inches per year.

3. The tops of the west end pier and pier 1 legs have moved toward the river and closed the span
2 expansion joint about 0.83 inches since October 2000.

4. The pier 1 and truss superstructure instrumentation performed for the "West End Slope and
Substructure Evaluation Study" has shown that the tops of the pier 1 legs are moving west and
east with expansion and contraction movement of the steel superstructure.  The movement and
horizontal thrust in the superstructure varies with temperature.

5. The substructure stabilization structure was originally designed using "LPILE" computer
software to calculate forces and member design loads.  The Contractor was given loads and
designed the rock anchors, anchor structure and tiebacks to resist those loads.

Under a separate ODOT sponsored research project Dr. Robert Liang prepared a finite element
analysis of the stabilization structure as it was being constructed ("Long Term Monitoring at
CUY-90-1524 Bridge Project," December 31, 1999).
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The original design loads, the finite element analysis (FEA), and the range of measured values
are compared in the attached table.

a. Rock anchor loads are less than design and FEA values and generally continue to decrease
at a slow rate.

b. The loads in the piles are higher than expected.  The anchor structure pile gages are located
near the top of the piles in an area of localized bending.  The combined axial load and
bending may have exceeded the 36 ksi yield value of the steel.  However, the piles will
redistribute the load in the redundant system through yielding before failure would occur.

c. The axial tension in the tiebacks is less than the design load and slightly higher than the
loads calculated by FEA.  Again, combined axial loads and bending may approach yield
at isolated locations, but the members should not fail.

d. The moment in the piles and tiebacks and the bending in the drilled shafts indicates a
rotation of the anchor structure concrete cap about the transverse axis of the cap.

e. The drilled shaft measured moments and deflections are well below the design values.  The
increasing moments and deflections measured in the drilled shafts both indicate increased
bending in the shafts.  The bending is expected as the soil mass lateral loading is gradually
transferred to the drilled shafts.  The rate of moment increase appears to be constant.

6. The stabilization structure is currently performing adequately with only some minor concern
for the high loads in the anchor structure piles.  The stabilization structure has slowed the rate
of creep movement in the soil mass within its influence.

7. Loading and pressures within the stabilization structure and the influenced soil mass are
continuing to increase at a slow rate.  The rate of change of moment in the drilled shafts has
not slowed.  The stabilization structure was designed with the concept that the structure and
soil mass would reach equilibrium at some time in the future when loads and deflections would
remain constant.  However, the "West End Slope and Substructure Evaluation Study" has
suggested that the stabilization structure may have a finite life.  The creep movement at the
failure planes has historically moved at a very slow rate.  The data collected over the past 8
years indicates that there is still movement at the failure planes, but within the last few years
this movement appears to be slowing.

The next readings are scheduled about July 15, 2007.  The monitoring will continue by the same
parties under the agreement between ODOT and Michael Baker Jr., Inc.
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EXECUTIVE SUMMARY 
 

Quarterly readings were taken at the new and remaining active inclinometers and 
piezometers in July and October 2006, and January and April 2007. 
 
Inclinometers  
 
Active BBCM Inclinometers Installed between 1994 and 1999 
 
In general, there are observed movements that correspond to two major slide planes, 
termed the shallow and deep failure planes.  In the immediate vicinity of the Pier 1 area, 
no shallow slip-plane movements have been observed since completion of construction 
of the Pier 1 stabilization system.  The shallow failure plane upslope from the Pier 1 
area is moving at an average rate of about 0.05 inches per year from April 1999 to April 
2007.  The average rate of movement of the shallow failure plane upslope from the Pier 
1 area appears to have decreased to about 0.03 inches per year from 2004 to the 
present.  South of the West End Pier, the deep failure plane is moving at an average 
rate of about 0.03 inches per year.  The B-101 inclinometer has indicated nominal 
movement since its installation.  In the immediate vicinity and upslope from the Pier 1 
area, the deep failure plane is moving at an average rate of about 0.06 inches per year 
from April 1999 (August 2001 in B-204) to April 2007.  The average rate of movement of 
the deep failure plane in the Pier 1 area also appears to have decreased to about 0.02 
inches per year from 2004 to the present. 
 
No accelerated rates of movement have been observed as a result of the excavation 
activities in the vicinity of B-110 (or B-05-16) on the west side of the I-90 Bridge in any 
of the inclinometers installed between 1994 and 1999. 
   
Active BBCM Inclinometers Installed in 2006 
 
A relative displacement of about 0.2 inches has been recorded in B-05-16 at depths of 
10 feet and 29 feet over a 10-month period.   
 
Multiple possible slide planes have been observed in some of the new and replacement 
inclinometers, which are listed as follows: 
 

• In B-105A at a depth of 20 to 30 feet; 
• In B-108A at depths of 25 and 120 feet; 
• In B-05-02 at depths of 109 and 129 feet; and, 
• In B-05-03 at a depth of 37 feet; 

 
Distinct movement has not been observed in the remaining seven (7) inclinometers.  
However, displacements may not yet be evident within the time period between the 
baseline and the current readings.  Multiple readings over a period of a few years are 
likely needed to measure definitive displacement trends. 
 
 



 

 

Pneumatic Piezometers 
 
The readings for the pneumatic piezometers exhibited similar readings between the four 
quarters.  The B-105 blue piezometer indicated an elevated water pressure with the 
total head ranging from 4.6 to 6.5 feet above the existing ground surface.  Additionally, 
the B-105 pink piezometer indicated an elevated total head ranging from 0.4 to 1.5 feet 
above the existing ground surface.    
 
Vibrating Wire (VW) Piezometers 
 
After an initial stabilization period in which some of the piezometers indicated a total 
head decrease as much as 13 feet, the readings have generally been stable in the VW 
piezometers since the beginning of July 2006.  Since July 2006, four (4) of 18 VW 
piezometers have indicated a gradual increase in the pore pressures during the current 
reporting period.  The 21955 piezometer in B-05-13 exhibited a sudden pressure 
decrease of 2.5 psi (5.7 feet of total head) during a 24-hour period in September 2006.  
The pore pressures have since recovered to the pressure levels recorded prior to the 
dramatic decrease.  Gas pockets were encountered during rock coring in B-05-13. 
 
Additional Field Observations 
 
BBCM personnel observed evidence of a potential small landslide during the January 
2007 quarterly readings that may have occurred after the quarterly readings were taken 
in October 2006.  This small landslide area is located near the west right-of-way fence 
just north of B-05-16, adjacent to the river and on the eastern edge of the large 
excavation.  It appears that progressive failure in this landslide area has occurred 
between the January and April 2007 readings.   
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1.0  INTRODUCTION 
 
This Annual Report presents the results and evaluation of data collected from July 2006 
to April 2007 in instrumentation installed by BBC&M Engineering, Inc. (BBCM) at or 
near the West Abutment of the existing I-90 Central Viaduct Bridge.   
 
Of the 14 inclinometers and 12 pneumatic piezometers installed by BBCM between 
1994 and 1999, seven (7) inclinometers (B-101, B-102, B-107, B-203, B-204, B-303 and 
P-9N) and six (6) pneumatic piezometers at B-101 and B-105 (2 piezometers each), as 
well as B-107 and B-303 are still actively monitored.  This active instrumentation was 
associated with the CUY-90-15.24 project.  During the period of March through June 
2006, BBCM installed 12 new inclinometers (including 3 replacement inclinometers) and 
18 vibrating wire (VW) piezometers.  These newly installed inclinometers and 
piezometers are associated with the CUY-90-14.52 Innerbelt project.  A Summary Table 
and Site Plan of Active Instrumentation are submitted as Plates 1 and 2 of the 
Appendix.  Quarterly readings were taken at the new and remaining active inclinometers 
and piezometers in July and October 2006, and January and April 2007. 
 
1.1  Replacement Inclinometers 
 
In mid-March 2006, excavation was performed at the toe of the slope adjacent to ODOT 
property in an effort to repair a section of failed bulkhead, which resulted in the 
destruction of the B-110 inclinometer.  Additionally, the B-105 and B-108 inclinometers 
have become unreadable due to excessive displacement at the observed slide planes.  
Readings were last taken in the B-105, B-108 and B-110 inclinometers in October 2005, 
April 2006 and January 2006, respectively.  Replacement inclinometers were installed 
at B-105A and B-108A in April and May 2006, immediately adjacent to the inactivated 
inclinometers.  Also, per ODOT’s request, BBCM installed a replacement inclinometer 
for B-110 at Boring B-05-16 in June 2006, adjacent to the right-of-way fence near where 
B-110 used to be located (see Plate 2 of the Appendix).  The B-05-16 inclinometer is 
located within the existing ODOT right-of-way.  These replacement inclinometers were 
installed at depths ranging from 156 to 168 feet below existing grade.  Baseline (initial) 
readings were taken at these replacement inclinometers on June 21 and 22, 2006.   
 
1.2  New Inclinometers 
 
New inclinometers were also installed at B-05-01 through B-05-04, B-05-07, B-05-08 
and B-05-11 through B-05-13, between April and June 2006.  These new inclinometers 
were installed at depths ranging from 134 to 228 feet below existing grade.  Baseline 
readings were taken at these inclinometers between June 21 and June 26, 2006.  The 
locations, types, and number of inclinometers were determined by ODOT.   
 
1.3   New Piezometers 
 
New VW piezometers were installed in offset boreholes at B-05-01 through B-05-04, B-
05-07, B-05-08 and B-05-11 through B-05-13, between May and June 2006.  Two (2) 
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VW piezometers were installed at each of the nine (9) locations at depths ranging from 
32 to 220 feet below existing grade.  Once installation was complete, the VW 
piezometers automatically began taking readings at 5-hour intervals.  A few weeks after 
installation, the reading interval was increased to 8 hours between readings.  The 
location, depth and number of VW piezometers to be installed were determined by 
BBCM based on existing inclinometer data and the results from cone penetration tests 
(CPT) performed by Ohio University during March and April 2006 adjacent to the 
proposed borehole locations.  This task was reviewed and accepted/modified by ODOT 
prior to commencing field work. 
    
2.0  DISCUSSION OF INSTRUMENTATION DATA 
    
2.1  Inclinometers 
 
Spiral (twist) measurements were performed in January 2005 on the 10 inclinometers 
that were active at the time.  Spiral measurements were also performed on June 28 and 
June 29, 2006 on the 12 new/replacement inclinometers.  All the data sets presented in 
the Appendix have been corrected to account for the measured spiral of the 
inclinometer casings.   
 
The Cumulative and Incremental Displacement vs. Depth plots in the Appendix show 
one reading from each of the previous four quarters.  Additionally, the Displacement vs. 
Time plots include at least one reading from each year since the baseline readings.   
 
Lateral deflections from slope inclinometer measurements contain both random and 
systematic errors.  Durham Geo Slope Indicator Company (DGSI) provides typical 
displacement accuracy threshold for slope inclinometer measurements as follows: 
 

1) Ordinary precision of ± 0.3 inches per 100 ft of casing using standard 
installation procedures; 

2) Higher Precision of  ± 0.1 inches per 100 ft of casing with careful survey 
practices and error correction during data reduction; and, 

3) Highest Precision of ± 0.05 inches per 100 ft of casing with careful survey and 
data selection from redundant data sets and excellent casing installation. 

 
BBCM considers the inclinometer measured displacement data presented herein to 
have a precision in the range of ± 0.1 to ± 0.2 inches per 100 ft.  Hence, any measured 
displacement (especially along deep failure planes) on the order of about 0.1 
inches could be due to data precision errors and not actual field movements.  The 
actual estimated rates of slope movement in active inclinometers range from about 0.02 
inches per year to 0.10 inches per year on the two slide planes.   
 
The rates of movement were computed using linear regression for the depth ranges 
shown on the Displacement vs. Time plots in the Appendix.  The rates of movement are 
discussed in more detail in subsequent sections of this report.  Linear regression 
provided a best-fit match through the data points on each of the Displacement vs. Time 
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curves.  The time period for the linear regression (see time periods presented in Tables 
1a and 1b in Section 2.1.2) was chosen based on a visual observation of each curve at 
the time when the rate was believed to have last changed significantly (typically in 1999 
or 2000 just after the end of construction of the Pier 1 stabilization structure).  Some of 
the inclinometers indicate a somewhat decreased rate of movement since 2004, which 
is subsequently discussed.  Linear regression was also performed on the data in some 
of the inclinometers over a time period from 2004 to the present (see Tables 1a and 1b).  
However, the 95% confidence interval of the regression of each analyzed slide plane 
from 1999 or 2000 to the present falls within the range of the expected precision of the 
inclinometer measurements (about 0.1 inches per 100 ft).  Therefore, it is inconclusive 
whether the observed decrease in the rate of movement in 2004 in some inclinometers 
is an actual change in the average rate of movement or a false trend caused by the 
limitations in the data due to the accuracy of the measurements.  Regardless, if the 
measured rates of movement are indeed decreasing, the likely result is that greater load 
is being transferred from the creeping soil mass to the stabilization structure.  Several 
years of data showing a consistent trend or changes in rates greater than the accuracy 
level of the measurements are necessary to draw conclusions that the average rate has 
in fact changed.  Therefore, all discussions regarding trends in the data are developed 
based upon multiple years of data.   
 
In general, there are observed movements that correspond to two major slide planes, 
termed the shallow and deep failure planes.  In some of the inclinometers, multiple slide 
planes may be observed within the shallow or deep failure zones (i.e. B-203 and B-
303).  In such cases, the multiple slide planes have been grouped together and referred 
to as part of either the shallow or deep failure plane, whichever is deemed more 
appropriate.  Consequently, the magnitude and rate of movements subsequently 
discussed are the summation of the relative movements of the individual slide planes 
within either the shallow or deep failure plane.  This summation is performed in an 
attempt to quantify the total relative soil movement that would be transferred to a pier or 
the stabilization structure. 
 
2.1.1  Systematic Error Correction 
 
Systematic errors are correctable errors observed in inclinometer data and are caused 
by one or more of the following factors: sensor bias-shift, rotation (sensor alignment 
shift), sensitivity drift, depth positioning error (DPE), and casing inclination/curvature.  
The data presented in this report have been analyzed and corrected for more common 
systematic errors such as bias-shift and rotation, where necessary.   
 
The uncorrected data obtained in B-05-08 and B-05-12 in July 2006 was observed to be 
unusual, such as displacement within the bedrock or relatively large deep 
displacements not observed in nearby inclinometers.  Thus it was determined that the 
displacements were not likely real.  As error detection was performed on the data, it 
became apparent that bias shift and/or rotation were not the major causes of the 
unusual displacements.  The data for B-05-08 and B-05-12 was sent to Mr. Erik 
Mikkelsen of Geometron for error detection analysis.  Mr. Mikkelsen has published a 



 

2006-2007 Annual Report – Field Monitoring Services  
CUY-90-14.52/15.24 (012-00946-300) 
BBC&M ENGINEERING, INC. 

 
4

paper titled “Advances in Inclinometer Data Analysis” (Symposium on Field 
Measurements in Geomechanics, FMGM September 2003, Oslo, Norway), which 
discusses correction procedures for many of the aforementioned systematic errors.  In 
Mr. Mikkelsen’s opinion, DPE and bias-shift were the systematic errors evident in the B-
05-08 and B-05-12 inclinometer data.  DPE is a common error mainly caused by 
settlement (shortening) of the casing and/or change in probe depth control (human 
error) in inclinometers with significant built-in curvatures.  In February 2005, the data for 
B-101 was also sent to Mr. Mikkelsen who believed that DPE was the cause of the 
unusual displacements observed in the inclinometer.  The readings for B-101, B-05-08, 
and B-05-12 inclinometers have been corrected for DPE as well as bias-shift and the 
resulting plots are submitted as Plates 3, 4, 36, 37, 40 and 41 of the Appendix.     
 
In addition to the DPE errors observed in B-101, B-05-08, and B-05-12, minor DPE 
errors were also observed in readings from nine (9) inclinometers (B-107, B-05-01, B-
05-02, B-05-04, B-05-07, B-05-11, B-05-13, B-05-16 and B-105A).  The readings 
presented in the Appendix for these nine (9) inclinometers have also been corrected for 
DPE.   
 
2.1.2  Summary of Observed Movements 
 
Active BBCM Inclinometers Installed between 1994 and 1999 
 
Tables 1a and 1b below summarize the average rates of movement for the shallow and 
deep failure planes and the various time ranges chosen for each active inclinometer 
installed between 1994 and 1999 where consistent movements have been observed.  
The time ranges shown in these tables extend to the last set of readings taken within 
each respective inclinometer.  The inclinometers where movements have been 
observed have been divided into three (3) categories based on location as follows: 
 

• The immediate vicinity of the Pier 1 area (B-204); 
• Upslope from Pier 1 (B-203, B-303); and, 
• South of the West End Pier (B-102 and B-107). 
 
 

Table 1a: Average Rate of Movement in Inclinometers – Shallow Failure Plane 
Shallow Failure Plane 

Inclinometer Location Time Range 
(from 1999) 

Avg. Rate of 
Movement (in/yr) 

Time Range 
(from 2004) 

Avg. Rate of 
Movement (in/yr) 

B-203 Upslope from Pier 1 Apr-99 to 
Apr-07 0.03 Oct-04 to 

Apr-07 0.02 

B-303 Upslope from Pier 1 Apr-99 to 
Apr-07 0.07 Jan-05 to 

Apr-07 0.04 

Avg. Rate of Movement – Upslope from Pier 1 0.05  0.03 
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Table 1b: Average Rate of Movement in Inclinometers – Deep Failure Plane 
Deep Failure Plane 

Inclinometer Location Time Range 
(from 1999) 

Avg. Rate of 
Movement (in/yr) 

Time Range 
(from 2004) 

Avg. Rate of 
Movement (in/yr) 

B-102 South of West End 
Pier 

Oct-99 to 
Apr-07 0.04 N/A1 N/A1 

B-107 South of West End 
Pier 

Apr-00 to 
Apr-07 0.015 N/A1 N/A1 

Avg. Rate of Movement – South of West End Pier 0.03  N/A 

B-204 Immediate Vicinity of 
Pier 1 Area 

Aug-012 to 
Apr-07 0.05 Oct-04 to 

Apr-07 0.03 

B-203 Upslope from Pier 1 Apr-99 to 
Apr-07 0.03 Oct-04 to 

Apr-07 0.01 

B-303 Upslope from Pier 1 Apr-99 to 
Apr-07 0.10 Jan-04 to 

Apr-07 0.03 

Avg. Rate of Movement – Pier 1 Area 0.06  0.02 
1 Change of rate not observed in these inclinometers from 2004 to the present. 
2 Inclinometer reinitialized on the shown date, which does not necessarily indicate the date when a 
significant change in the rate of movement occurred 

 
In the immediate vicinity of the Pier 1 area (B-204), no shallow slip-plane movements 
have been observed since completion of construction of the Pier 1 stabilization system.  
The shallow failure plane upslope from the Pier 1 area (B-203 and B-303) is moving at 
an average rate of about 0.05 inches per year from April 1999 to April 2007.  This is a 
slight decrease from that reported in BBCM’s 2005-2006 Annual Report dated May 22, 
2006, in which the average rate of about 0.06 inches per year was observed.  As 
indicated in Table 1a, the average rate of movement of the shallow failure plane in B-
203 and B-203 appears to have decreased to about 0.03 inches per year from 2004 to 
the present.  This rate decrease is illustrated in the Displacement vs. Time plots 
submitted as Plates 19 and 21 in the Appendix. 
 
South of the West End Pier (B-102 and B-107), the deep failure plane is moving at an 
average rate of about 0.03 inches per year.  This is a slight increase from that reported 
in the BBCM 2005-2006 Annual Report, in which the average rate of about 0.02 inches 
per year was observed.  The B-101 inclinometer has indicated nominal movement since 
its installation.  In the immediate vicinity and upslope from the Pier 1 area (B-203, B-204 
and B-303), the deep failure plane was observed to be moving at an average rate of 
about 0.06 inches per year from April 1999 (August 2001 in B-204) to April 2007.  In the 
BBCM 2005-2006 Annual Report, the average rate of movement in the Pier 1 area was 
reported to be about 0.09 inches per year.  However, note that rates of movement 
observed in the B-105 and B-108 inclinometers, which are now inactive, are not 
included in the average movement rates provided in this report.  As was observed in the 
shallow failure plane in B-203 and B-303, the average rate of movement of the deep 
failure plane in the Pier 1 area appears to have decreased to about 0.02 inches per year 
from 2004 to the present (see Table 1b and Plates 19 through 21 in the Appendix). 
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Inclinometer P-9N (installed in one of the drilled shafts) indicates the top of the drilled 
shaft is restrained laterally and that the maximum lateral deflection is nearly 0.90 inches 
and occurs approximately 40 to 50 feet below the top of the inclinometer casing.  
  
No accelerated rates of movement have been observed as a result of the excavation 
activities in the vicinity of B-110 (or B-05-16) on the west side of the I-90 Bridge in any 
of the inclinometers installed between 1994 and 1999. 
 
 
Active BBCM Inclinometers Installed in 2006 
 
A relative displacement of about 0.2 inches has been observed in the upper 10 feet of 
the B-05-16 inclinometer over a 10-month period (see Plates 44 and 45 of the 
Appendix).  Additionally, a slip-plane movement of about 0.2 inches has been observed 
in B-05-16 at a depth of about 29 feet.  It is likely the displacements observed at B-05-
16 are a result of the open excavation in the vicinity of the removed inclinometer B-110.  
The displacements at B-05-16 are expected due to the scarps and tension cracks that 
have been observed in the area downslope of the inclinometer.     
 
Possible cantilever displacement, similar in shape to the cantilever displacements 
observed in B-102 and B-107, was observed in B-05-12 to a depth of 30 feet (see 
Plates 40 and 41 of the Appendix).  However, there has been no observed 
displacement since the July 2006 readings.  The magnitude and location of the 
displacement in B-05-12 was not observed in other nearby inclinometers such as B-107 
and B-05-02.  A small sinkhole (approx. 1’ dia.) was first observed by BBCM personnel 
in March 2006 in the pavement of University Road in the vicinity of B-05-12.  This 
sinkhole did not appear to be any larger as of October 2006.  The sinkhole was only 
partially visible in January and April 2007, as it was covered by concrete barriers.  It is 
likely that the observed displacement in B-05-12 is not a true displacement.  The data 
was “re-initialized” to the July 24, 2006 reading as opposed to the June 22, 2006 
reading and new Cumulative and Incremental vs. Displacement plots were generated, 
which are submitted as Plates 40A and 41A in the Appendix.  As of April 2007, these 
“re-initialized” plots for B-05-12 do not indicate any observable displacements.  
Additional readings are needed in B-05-12 to confirm that the displacement in B-05-12 
is not a true displacement and is the result of random and/or systematic errors.     
 
Multiple possible slide planes have been observed in some of the new and replacement 
inclinometers, which are listed as follows: 
 

• In B-105A at a depth of 20 to 30 feet (see Plate 22 in the Appendix); 
• In B-108A at depths of 25 and 120 feet (see Plate 24 in the Appendix); 
• In B-05-02 at depths of 109 and 129 feet (see Plate 28 in the Appendix); and, 
• In B-05-03 at a depth of 37 feet (see Plates 30 and 31 in the Appendix); 
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The potential displacement at 120 feet in B-108A is nearly identical with the observed 
slide plane in the inactive inclinometer at B-108, which is only about 10 feet away from 
B-108A.  Additional readings are needed in these inclinometers to evaluate whether 
these are true displacements. 
  
Distinct movement has not been observed in the inclinometers at B-05-01, B-05-04, B-
05-07, B-05-08, B-05-11 and B-05-13.  Based on the relatively slow rates of movement 
of the slide planes observed at the site over the past several years, observed 
displacements may not yet be evident within the time period between baseline and 
current readings, which have been taken over a 10-month period.  Multiple readings 
over a period of a few years are likely needed to measure definitive displacement 
trends.   
 
2.2 Piezometers 
 
Tables 2 and 3 provided in the following sections present a summary of the measured 
total head (ht) for each pneumatic or VW piezometer.  Additionally, plots of Total Head 
vs. Time are provided in the Appendix.  For the pneumatic piezometers at B-101, B-105, 
B-107, and B-303, the measured water elevation (in feet) was reported in BBCM’s 
quarterly and annual reports submitted prior to the July 2006 Quarterly Report.  This 
water elevation is equivalent to the total head (ht, in feet).  
  
The total head (ht) is calculated using the following equations: 
 
 
     ht = he + hp 
     hp = u/γW  
 

 
where he is the elevation head (elevation where the piezometer was installed), hp is the 
pressure head, u is the pore pressure reading, and γW is the unit weight of water.  The 
pore pressure readings (u) are measured and recorded in units of pounds per square 
inch (psi).  The remaining variables of these equations (he, hp, ht, and γW) are in units of 
feet and pounds requiring u to be converted to pounds per square foot (psf). 
 
2.2.1 Pneumatic Piezometers 
 
The results of the active pneumatic piezometer readings taken over the last four (4) 
quarters are summarized in Table 2 below.  Pneumatic piezometers are identified both 
by boring number and ribbon color to specify the location and depth of the 
instrumentation.  Two (2) piezometers at B-101 and B-103 required ribbon replacement 
in July 2006.  The new ribbon color is noted in parenthesis in Table 2. 
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Table 2:  Summary of Readings for Active Pneumatic Piezometers – CUY-90-15.24 

Pore Pressure Readings (u) and Computed Total Head (ht) Values 
Piezometer 

Identifier 

Ground 
Surface 

Elevation (ft) 

Elevation 
Head, he 

(ft) 
Piezo. 
Data 

July 14, 
2006 

October 18, 
2006 

January 19, 
2007 

April 18, 
2007 

u (psi) 0.1 0.02 0.02 0.02 green 
(orange) 676.6 626.3 

ht (ft) 626.5 626.3 626.3 626.3 
u (psi) 31.7 31.5 31.3 31.7 

B-101 
(P-11) 

pink 676.6 552.3 
ht (ft) 625.5 625.0 624.5 625.5 
u (psi) 38.8 38.3 38.3 38.4 pink 585.6 497.6 
ht (ft) 587.1 586.0 586.0 586.2 
u (psi) 48.6 47.9 47.8 48.0 

B-105 
(P-31) 

blue 585.6 479.9 
ht (ft) 592.1 590.4 590.2 590.7 
u (psi) 25.6 25.2 25.2 25.1 B-107 

(P-51) orange 662.3 562.3 
ht (ft) 621.4 620.5 620.5 620.2 
u (psi) 7.1 6.9 7.0 6.9 B-303 

(P-21) 
green 
(pink) 627.0 586.2 

ht (ft) 602.6 602.1 602.4 602.1 
1 BBCM installed pneumatic piezometers at the locations of the P borings in 1994.  However, these piezometers 
were eventually renamed to the nearest inclinometers. 
2 Pneumatic piezometers cannot read negative pressure (i.e., a water level below the depth of the pneumatic 
piezometer).  Thus, it is unknown whether this is an accurate pressure reading.  

  
 
The readings for the pneumatic piezometers exhibited similar readings between the four 
quarters.  The maximum change in total head occurred at B-105 blue, which varied by 
as much as 1.9 feet.  The B-105 blue piezometer indicated an elevated water pressure 
(i.e., a total head above the ground surface, artesian conditions) with the total head 
ranging from 4.6 to 6.5 feet above the existing ground surface.  Additionally, the B-105 
pink piezometer indicated an elevated total head ranging from 0.4 to 1.5 feet above the 
existing ground surface.   It is possible that the elevated water pressure in B-105 may 
be attributed to either a thin silt seam sandwiched between fairly thick clay layers 
located near the base of the piles supporting Pier 1, or the percolation of natural gas out 
of the underlying Devonian Ohio Shale.  Elevated pore pressures can have a 
detrimental effect on slope stability and may increase the rate of slope creep.    
 
Total Head vs. Time plots, which provide the measured total head from 1994 to the 
present, have been submitted as Plates 46 through 49 in the Appendix of this report.  
 
2.2.2 Vibrating Wire (VW) Piezometers  
 
The VW piezometers have been placed at various depths with two (2) piezometers at 
each of the nine (9) offset boring locations.  The VW piezometers were installed on 1¼-
inch PVC pipe encased in grout with a cable attached to the VW piezometer.  Each 
cable runs up through the PVC pipe and is attached to a MiniLogger, which stores the 
pore pressure data.  A flush mount protective cover was installed at each offset boring 
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location to house the two MiniLoggers.  Readings are taken by Miniloggers every 8 
hours; however, this time interval can be adjusted upon request.   
 
Table 3 provides a summary of the maximum and minimum values of all the pressure 
readings taken from the time of installation to the time when the collected data was last 
downloaded from VW Miniloggers on April 18, 2007.  The VW Miniloggers were 
installed between May 16, 2006 and June 12, 2006 and data has been downloaded 
from each VW MiniLogger once per quarter.  The VW piezometers are identified by 
boring number, MiniLogger serial number, and depth the piezometer was installed.  The 
VW piezometers also measure the ground temperature around the piezometer.  The 
maximum and minimum temperature readings are also provided in Table 3. 
   

Table 3:  Summary of Readings for VW Piezometers – CUY-90-14.52 

Piezometer 
Identifier 

Time Interval of  
Readings 
Reported1 

Max./Min. 
Temp. 

Rdg. (°C) 

Ground 
Surface  
Elev. (ft) 

Elev. 
Head, he  

(ft) 

Max./Min. 
Pore 

Pressure  
Rdg., u (psi) 

Max./Min. 
Total Head, 

ht (ft) 
21961 - 

65 ft 5/26/06 to 4/18/07 14.4/13.7 675.4 610.4 12.6/11.1 639.4/636.1 
B-05-01 21967 - 

95 ft 5/26/06 to 4/18/07 13.5/13.2 675.4 580.4 23.1/20.5 633.8/627.6 

21963 - 
46 ft 5/22/06 to 4/18/07 12.2/12.1 617.9 571.9 8.5/7.8 591.5/589.8 

B-05-02 21951 - 
122 ft 5/22/06 to 4/18/07 12.3/12.1 617.9 495.9 40.7/39.9 589.8/588.0 

21957 - 
32 ft 5/16/06 to 4/18/07 12.5/11.6 605.1 573.1 8.2/7.1 592.0/589.5 

B-05-03 21965 - 
112 ft 5/16/06 to 4/18/07 12.5/12.5 605.1 493.1 42.8/40.8 591.8/587.2 

21958 - 
59 ft 5/18/06 to 4/18/07 13.1/12.9 600.8 541.8 18.3/17.6 583.9/582.3 

B-05-04 21952 - 
119 ft 5/18/06 to 4/18/07 13.2/13.1 600.8 481.8 45.3/44.7 586.4/585.1 

21966 - 
102 ft 6/8/06 to 4/18/07 12.9/12.4 678.9 576.9 27.8/23.7 641.0/631.5 

B-05-07 21956 - 
220 ft 6/8/06 to 4/18/07 12.1/11.9 678.9 458.9 73.0/67.4 627.4/614.4 

21954 - 
65.5 ft 5/30/06 to 4/18/07 12.9/12.6 679.9 614.4 12.6/11.7 643.6/641.4 

B-05-08 21959 - 
110.5 ft 5/30/06 to 4/18/07 12.6/12.4 679.9 569.4 29.7/28.8 637.9/635.8 

21968 - 
95 ft 6/9/06 to 4/18/07 13.0/12.5 675.1 580.1 23.9/23.1 635.1/633.3 

B-05-11 21953 - 
130 ft 6/9/06 to 4/18/07 12.9/12.6 675.1 545.1 36.3/35.0 628.9/625.8 

1 Readings generally were taken every 8 hours during the reported time interval. 
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Table 3:  Summary of Readings for VW Piezometers – CUY-90-14.52 (continued) 

Piezometer 
Identifier 

Time Interval of  
Readings 
Reported1 

Max./Min. 
Temp. 

Rdg. (°C) 

Ground 
Surface  
Elev. (ft) 

Elev. 
Head, he  

(ft) 

Max./Min. 
Pore 

Pressure  
Rdg., u (psi) 

Max./Min. 
Total Head, 

ht (ft) 
21960 - 

75 ft 5/24/06 to 4/18/07 13.0/12.8 652.7 577.7 18.4/16.4 620.2/615.5 
B-05-12 21964 - 

120 ft 5/24/06 to 4/18/07 12.6/12.5 652.7 532.7 35.9/33.0 615.6/609.0 

21962 - 
60 ft 6/12/06 to 4/18/07 13.0/12.6 580.0 520.0 24.4/23.1 576.4/573.3 

B-05-13 21955 - 
135 ft 6/12/06 to 4/18/07 13.2/12.8 580.0 445.0 60.9/58.2 585.5/579.3 

1 Readings generally were taken every 8 hours during the reported time interval. 
 
Total Head vs. Time plots have been submitted as Plates 50 through 58 in the Appendix 
of this report. 
 
A few of the VW piezometers exhibited a total head decrease as much as 13 feet (i.e., 
B-05-07) from the initial reading.  A gas pocket was encountered during drilling near the 
top of the shale bedrock in Boring B-05-07.  The soil pore pressures may have been 
reducing back to normal conditions in B-05-07.  Also, DGSI has stated in the user’s 
manual for the VW piezometer that “drilling a borehole and backfilling it temporarily 
changes the pore-water pressure in the ground, so readings that are taken immediately 
after installation will not be good datum readings.   Recovery of the natural pore-water 
pressure may take a few hours to a few weeks, depending on the permeability of the 
soil.”  DGSI also suggests recovery of the pore-water pressure is indicated by 
observation of stable readings for several consecutive days.  The readings have 
generally been stable in the VW piezometers since the beginning of July 2006.  After 
the initial stabilization period, four (4) VW piezometers (21967 at B-05-01, 21956 at B-
05-07, and 21960 and 21964 at B-05-12) have indicated a gradual increase in the pore 
pressures during the current reporting period. 
 
The 21955 piezometer in B-05-13 installed at a depth of about 135 feet exhibited a 
maximum change in the total head of more than 6 feet over the current reporting period 
shown in Table 3.  Between 10:34am and 6:34pm on September 12, 2006, the 
MiniLogger recorded a decrease in pressure of 1.35 psi which corresponds to a change 
in total head of 3.1 feet.  Sixteen (16) hours later, the recorded pressure reached a 
minimum of 58.19 psi, a total decrease of 2.49 psi or 5.7 feet total head over a 24-hour 
period.  The recorded pressures then increased incrementally, until nearly eight (8) days 
later, the total head was within 1 foot of the total head recorded prior to the dramatic 
pressure decrease.  The Total Head vs. Time plot shown on Plate 58 in the Appendix 
illustrates these changes.  This rapid pore pressure change has not been observed in 
the 21955 piezometer since September 2006.  The total head over the reporting period 
was as high as 5.5 feet above the existing ground surface at Elevation 580 (see Table 
3) indicating that there is an elevated water pressure (i.e., total head above the ground 
surface, artesian conditions) at this location similar to that observed in the pneumatic 
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piezometers at B-105 previously discussed.  During drilling of Boring B-05-13, gas 
pockets were encountered during rock coring, which leads us to believe the elevated 
water pressure observed in the 21955 piezometer may be mostly attributed to 
percolation of natural gas out of the underlying Devonian Ohio Shale into the sandy silt 
layer where the piezometer was installed.  This sandy silt layer, which overlies the 
shale, underlies a clay layer that could confine the natural gas to the sandy silt layer due 
to the low permeability of clays.  For reasons unknown at this time, the flow of natural 
gas may have been temporarily disrupted resulting in the dramatic pressure decrease. 
  
3.0  ADDITIONAL FIELD MEASUREMENTS AND OBSERVATIONS 
 
3.1  Calipered Surface Distance Locations  
 
The left and right calipered locations (see the Site Plan of Active Instrumentation, Plate 
2 in the Appendix), which have been monitored since June 1999, are located just east 
and west of the I-90 Bridge centerline, respectively.  Initially, three (3) locations were 
monitored, which included a center calipered location.  However, the center calipered 
location became inaccessible in August 1999.  A Calipered Surface Distance Table and 
Calipered Distance Readings vs. Time plots have been included as Plates 59 through 
61 in the Appendix.   
 
Close inspection of the data in the plots indicates the possibility of general movement 
trends at the calipered locations.  The data is somewhat oscillatory, which is likely due 
to the seasonal temperature fluctuations affecting the concrete combined with human 
measurement error.  In the data plots, linear trendlines were added to estimate the 
average rate of separation/closure per year.  The left calipered location indicates the 
gap is continuing to open at a rate of about 0.06 inches per year, which is equivalent to 
the rate reported in the 2005-2006 Annual Report for Field Monitoring Services, dated 
May 22, 2006. The right calipered location indicates the gap is closing at a rate of about 
0.02 inches per year.  This is a slight decrease from the rate of about 0.03 inches per 
year as reported in the 2005-2006 Annual Report.  The movements are relatively small 
(½ of an inch or less since June 1999) and are sensitive to the interpretation of the 
center of the nails.  Thus it is inconclusive that these movements have been caused by 
the observed slope movements.  Continued observation of these calipered locations is 
needed in order to adequately determine if judgment error and weather conditions are 
the main cause of the observed trends or if they are indeed caused by slope 
movements.   
 
3.2  Stockpiling of Aggregate Adjacent to East Right-of-Way Fence 
 
The property adjacent to the east right-of-way fence is currently being used to stockpile 
aggregate.  Aggregate piles of varying sizes and locations were observed during each 
of the quarterly visits to the site.  Relatively large aggregate piles covering no more than 
approximately one-half of the property were observed in July 2006 and October 2006.  
These large aggregate piles were located primarily on the eastern portion of the 
property.  Relatively small aggregate piles were also observed in July 2006 and January 



 

2006-2007 Annual Report – Field Monitoring Services  
CUY-90-14.52/15.24 (012-00946-300) 
BBC&M ENGINEERING, INC. 

 
12

and April 2007.  Stockpiling of large aggregate piles could have a significant impact on 
slope movements at the site. 
 
3.3  Excavation Activities Adjacent to West Right-of-Way Fence 
 
As previously discussed, a large excavation near the west right-of-way fence was first 
observed by BBCM personnel in mid-March 2006.  The excavation was performed in an 
effort to repair the failed bulkhead.  A letter from BBCM to Michael Baker Jr., Inc., and 
dated March 16, 2006 discussing the excavation is provided as Plates 62 to 71 in the 
Appendix.  As of April 2007, the repair effort appears to be unfinished at this time as the 
bulkhead does not appear to be fully repaired and the large excavation has not yet been 
backfilled.  On January 18, 2007, while taking readings at the B-05-13 inclinometer 
across the Cuyahoga River, BBCM personnel observed evidence of a potential small 
landslide that may have occurred after the quarterly readings were taken in October 
2006.  This small landslide area is located near the west right-of-way fence just north of 
B-05-16, adjacent to the river and on the eastern edge of the large excavation.  Note 
that relatively large displacements were observed in the B-05-16 inclinometer, as 
previously discussed.  Pictures of this landslide location were taken on January 19, 
2007, but due to the snow fall the night before the photo was taken, the landslide area 
was snow covered.  Additional photos of the landslide area were taken on April 18, 
2007.  The approximate extent and location of the landslide and scarps, as visually 
observed, is sketched on site photos taken in both January and April 2007.  These site 
photos have been submitted as Plates 72 through 77 in the Appendix.  It appears that 
progressive failure in this landslide area has occurred between the January and April 
2007 readings.   
 
 



 
 
 
 
 
 
 
 
 

APPENDIX 
 
 

CUY-90-14.52/15.24 INSTRUMENTATION MONITORING 



Active Instrumentation

Active 
Inclinometer

?
Inclinometer 

Depth (ft)
Active 

Piezometer?
VW or 

Pneumatic?
# of Active 
Piezometers

Piezometer 
Depth(s) Below 

Existing G.S. (ft)
Instrumentation 
Installation Date

B-101 Y 190 Y* Pneumatic* 2* 50.3, 124.3 Aug-Sep 1994
B-102 Y 224 N --- --- --- Sep 1994
B-105 N --- Y* Pneumatic* 2* 88, 105.7 Aug 1994
B-105A Y 156 N --- --- --- May 2006
B-107 Y 210 Y Pneumatic* 1* 100 Sep 1994
B-108A Y 168 N --- --- --- Apr-May 2006
B-203 Y 190 N --- --- --- Aug 1996
B-204 Y 134 N --- --- --- Jul 1998
B-303 Y 178 Y** Pneumatic** 1** 40.8 Aug 1994**, Jul 1998
P-9N Y 150 N --- --- --- Feb 1999
B-05-01 Y 228 Y VW 2 65, 95 Apr-May 2006
B-05-02 Y 178 Y VW 2 46, 122 Apr-May 2006
B-05-03 Y 168 Y VW 2 32, 112 Apr-May 2006
B-05-04 Y 172 Y VW 2 59, 119 Mar-May 2006
B-05-07 Y 224 Y VW 2 102, 220 Apr-Jun 2006
B-05-08 Y 226 Y VW 2 65.5, 110.5 Apr-May 2006
B-05-11 Y 226 Y VW 2 95, 130 Apr-Jun 2006
B-05-12 Y 210 Y VW 2 75, 120 Apr-May 2006
B-05-13 Y 134 Y VW 2 60, 135 May-Jun 2006
B-05-16 Y 162 N --- --- --- Jun 2006
*BBCM installed pneumatic piezometers at the locations of the P borings in 1994.  However, these piezometers were eventually renamed to the 
nearest inclinometers (i.e. P-1 to B-101, P-3 to B-105, and P-5 to B-107).  
**The pneumatic piezometer was actually installed in August 1994 at Boring P-2 in the vicinity of the B-103 inclinometer (now inactive).  However,   
the piezometer has since been renamed to B-303 due to its close proximity to the active inclinometer at B-303, which was installed in July 1998.

SUMMARY OF ACTIVE INSTRUMENTATION
  CUY-90-14.52/15.24

File Name: Summary of Active Instrumentation.xls BBC&M Engineering, Inc. PLATE  1
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B-102
-Includes readings from the last four quarters.
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-Includes readings from the last four quarters.
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B-102
-Includes readings from the last four quarters.
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B-107
-Includes readings from the last four quarters.
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B-107
-Includes readings from the last four quarters.
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-Includes readings from the last four quarters.
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B-107
-Includes readings from the last four quarters.
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B-203
-Includes readings from the last four quarters.
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B-203
-Includes readings from the last four quarters.
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B-204
-Includes readings from the last four quarters.
B-204
-Includes readings from the last four quarters.
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-Includes readings from the last four quarters.
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B-204
-Includes readings from the last four quarters.
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B-303
-Includes readings from the last four quarters.
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-Includes readings from the last four quarters.
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P-9N
-Includes readings from the last four quarters. 
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B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading.
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B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading. 
B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading. 
B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading. 
B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading. 
B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading. 
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Date Present reading    Change (in.) Present reading    Change (in.) Present reading    Change (in.)
07/20/00 6.000 -- Not Accessible 4.516 --
10/26/00 5.876 -0.124 Not Accessible 4.294 -0.222
01/29/01 5.929 0.053 Not Accessible 4.385 0.091
04/17/01 Not Accessible Not Accessible Not Accessible
07/19/01 6.043 0.114 Not Accessible 4.312 -0.073
11/08/01 6.250 0.207 Not Accessible 4.469 0.157
01/23/02 6.253 0.003 Not Accessible 4.518 0.049
04/17/02 6.285 0.032 Not Accessible 4.435 -0.083
07/16/02 6.290 0.005 Not Accessible 4.444 0.009
10/15/02 6.333 0.043 Discontinued 4.482 0.038
01/15/03 6.405 0.072 4.473 -0.009
04/17/03 6.333 -0.072 4.482 0.009
07/18/03 6.186 -0.147 4.350 -0.132
10/16/03 6.385 0.199 4.519 0.169
01/08/04 6.124 -0.261 4.594 0.075
04/14/04 6.129 0.005 4.402 -0.193
07/16/04 6.250 0.122 4.277 -0.125
10/27/04 6.375 0.125 4.467 0.190
01/12/05 6.250 -0.125 4.349 -0.118
04/14/05 6.375 0.125 4.372 0.023
07/14/05 6.313 -0.063 4.392 0.020
10/12/05 6.375 0.063 4.358 -0.034
02/01/06 6.438 0.063 4.395 0.037
04/20/06 6.500 0.063 4.430 0.035
07/14/06 6.375 -0.125 4.381 -0.049
10/18/06 6.438 0.063 4.400 0.020
01/19/07 6.500 0.062 4.506 0.106
04/18/07 6.375 -0.125 4.357 -0.150

CALIPERED SURFACE DISTANCE TABLE
CUY-90-15.24

Left Pier Calipered Surface 
Distance

Center Line Calipered Surface 
Distance

Right Pier Calipered Surface 
Distance

File Name: 012-00946-300 Caliper Table.xls BBC&M Engineering, Inc. PLATE 59
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 3 

 
Plate 1: Plan of Borings summarizing all subsurface investigation performed since 1990 in the vicinity of the I-90 West Bank foundation structure.
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 4 

 
Plate 2: Looking northwest from University Avenue at crew vehicle (Cook). 
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 5 

 
Plate 3: View from platform near cold storage warehouse.  The stockpile of recently excavated 

material is located at the top of the hillside near the excavator.  
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 6 

 
Plate 4: View from University Avenue.  Stockpile of recently excavated material stored at the  
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 7 

 
Plate 5: Looking west at area of excavation.  Visual observation indicates that approximately 20 

feet of material was removed and placed upslope.  The stockpile of material is visible at the 
upper left corner of this picture. 
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 8 

 
Plate 6:  Looking west at excavation area. 
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Excavation and Removal of Inclinometer B-110 
CUY-90-15.24, Cleveland, OH 
BBC&M ENGINEERING, INC. 9 

 
Plate 7:  Looking northwest at crew apparently preparing to pull back sheet pile wall.
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Approx. Extents 
of Landslide
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RELATIVE SPAN LENGTHS

(Distance between points set on consecutive piers)

Span 2Span 1

South TrussNorth TrussSouth TrussNorth Truss

399.74399.49215.30215.351985

399.57399.38215.46215.471988

399.59399.36215.44215.481989

399.56399.35215.45215.481990

399.57399.29215.42215.481991

399.52399.30215.50215.511992

399.51399.34215.49215.461993

399.52399.31215.44215.471994
399.55399.34215.45215.491995
399.53399.28215.45215.465 / 1996

399.54399.28215.46215.458 / 1996

399.53399.29215.48215.459 / 1997

399.50399.25215.45215.401 / 1998

399.52399.27215.46215.384 / 1998

¥¥215.44215.357 /1998

399.47399.16215.48215.4010 / 1998

399.41399.08215.53215.4812 / 1998

399.39399.08215.53215.481 / 1999

399.41399.07215.55215.514 / 1999

399.45399.11215.50215.4810 / 1999

399.25398.98215.66215.56***10/ 1999
399.13398.97215.77215.5710/2000
399.12398.94215.79215.5810/2001
399.10398.93215.73215.5310/2002
399.10398.95215.82215.5510/2003
399.09398.91215.84215.6110/2004
399.08398.92215.81215.5810/2005

-0.19-0.070.13-0.00Net Change

400.29399.92215.10215.25Design

399.06398.91215.79215.5510/2006

-0.01-0.01-0.02-0.02Change from 10/05 to 10/06

¥   Points destroyed during construction.  New points set 

                    atop of pier 2, first reading taken 10/15/98

Net change is current reading compared to the last compatible reading (10/1999)

***   Bridge relocated



CUY-90-1524
106017

DECK EXPANSION JOINT OPENINGS
Finger Type Joints

Measurements are in inches.

Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

Expansion
Distance

476 feet 650 feet

Design 60/ 3.25 3.25 3.25 3.25 3.25 3.25

06-01-70 80/ 4.00 0.00 N.A.

09-19-75 60/ 5.25 2.00 N.A.

05-08-78 60/ 4.75 5.50 2.00 2.00 3.25 2.50

07-30-81 75/ 5.50 5.50 2.25 2.25 3.25 2.75

06-09-83 70/ 5.00 5.00 1.50 1.50 2.75 2.25

07-31-85 73/ 5.25 4.75 1.50 1.00 2.75 2.25

10-31-88 40/ 7.75 8.38 1.50 0.75 3.81 3.38

11-01-89 50/ 7.75 7.00 1.13 0.63 3.25 3.13

10-26-90 50/ 7.75 7.25 1.00 0.50 3.00 3.00

09-30-91 55/ 7.50 7.00 0.88 0.00 3.00 3.00

10-13-92 60/ 7.25 6.81 0.63 0.00 2.50 2.50

10-01-93 50/ 7.50 7.13 0.75 0.31 2.75 2.63

09-01-94 63/ 7.25 6.38 0.31 0.00 2.88 1.88

09-08-95 60/ 7.00 6.63 0.44 0.00 2.00 1.88

09-05-96 77/ 6.50 6.63 0.38 0.00 1.25 1.00

09-19-97 75/ 6.88 7.00 0.31 0.06 1.68 1.42

09-24-98 69/ 7.63 7.00 0.00 0.00 1.88 1.75

10-14-99 45/ 6.19 5.50 2.38 1.88 3.13 2.75

10-16-00 55/ 6.00 4.88 1.75 1.25 2.56 2.43

04-23-01 70/ 5.50 4.25 1.38 0.63 2.13 1.75

07-16-01 80/ 5.00 3.88 1.00 0.25 1.50 1.25

10-15-01 50/ 6.63 5.63 1.63 1.06 3.25 2.75



Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

1-15-02 30/ 6.88 6.25 2.13 1.50 3.88 3.50

4-15-02 61/ 6.00 5.25 1.38 0.88 2.50 2.38

7-15-02 76/ 5.13 4.13 1.13 0.50 1.75 1.50

10-17-02 48/ 7.00 6.38 1.75 1.25 3.25 2.88

11-1-02 35/ 7.25 6.13 1.88 1.38 3.63 3.38

1-15-03 7/ 8.13 6.63 2.38 1.88 5.00 4.75

4-15-03 67/ 5.63 4.63 1.25 0.63 2.25 2.00

7-15-03 74/ 5.38 4.38 1.00 0.50 2.00 1.63

10-16-03 46/ 7.00 5.75 1.50 1.13 3.25 3.13

1-15-04 11/ 8.00 6.75 2.00 1.38 4.63 4.00

4-15-04 41/ 6.88 5.75 1.38 0.88 3.50 3.25

7-15-04 67/ 5.63 4.75 1.00 0.50 2.13 1.75

10-15-04 50/ 6.38 5.50 1.25 0.75 3.00 2.75

1-15-05 12/ 7.75 7.00 2.00 1.38 4.63 4.25

4-16-05 47/ 6.50 5.63 1.25 0.75 3.25 2.88

7-16-05 74/ 5.50 4.50 0.75 0.375 1.75 1.63

10-14-05 51/ 6.25 5.50 1.13 0.63 2.81 2.56

1-16-06 26/ 7.63 6.38 1.75 1.13 4.13 3.75

4-14-06 65/ 5.75 4.88 0.75 0.50 2.25 2.00

7-14-06 78/ 5.00 4.00 0.63 0.19 1.63 1.25

10-16-06 50/ 6.50 5.88 1.00 0.75 3.25 3.00

1-15-07 41/ 7.00 6.13 1.13 0.88 3.56 3.38

4-16-07 34/ 7.25 6.38 1.38 0.88 3.75 3.50

N.A. - No measurements available



SEAT ELEVATIONS

10/16/0610/14/0510/14/0410/16/0310/15/0210/15/0110/16/0010/14/997/15/994/15/993/5/991/19/9910/15/9807/22/9807/15/9804/15/9802/26/9810/17/94DESCRIPTIONPOINT NO.
WEST END PIER SOUTH

667.16667.15667.19667.17667.17667.20667.16667.16667.17667.17-667.16667.14-667.18667.18667.15667.18ROD IN PIER SEAT103
677.92677.91677.94677.92677.93677.94677.92677.91677.92677.93-677.93677.92-677.92677.93677.91-ROD IN SOUTH FACE401
670.79670.78670.81670.80670.80670.83670.80670.78670.80670.79-670.80670.78-670.80670.81670.79-ROD IN NORTH FACE402

WEST END PIER NORTH
ROD IN PIER SEAT

---------667.04-667.03667.04-667.05667.07667.03667.04Destroyed102
667.01667.00667.03667.02667.01667.05667.01667.01667.02-(SET 7/16/99)802
660.83660.82660.86660.84660.85660.87660.84660.84660.85660.84-660.88660.82-660.86660.86660.83-ROD IN NORTH FACE404

PIER 1 NORTH
ROD IN PIER SEAT

------------626.32-626.38-626.33626.29Destroyed104
626.29626.31626.34626.33626.30626.34626.33626.33626.34626.33-626.35(SET 7/22/98)606

--------626.30626.30-626.32(SET 12/29/98)607
626.19626.20626.23626.23626.22626.23626.23626.22626.21626.21-626.24(SET 12/29/98)608

------626.21626.21626.21626.22-626.23(SET 12/29/98)609
626.26626.27626.30626.30626.33626.30626.30626.30(SET 10/13/99)903
626.21626.23626.25626.26626.25626.26626.26626.25(SET 10/13/99)902
604.48604.49604.52604.51604.51604.52604.50604.50604.52604.55-604.51604.48---604.51-ROD IN NORTH FACE308
604.20604.23604.26604.25604.25604.27604.24604.23604.28604.26-§604.25-----ROD IN SOUTH FACE407

PIER 1 SOUTH
ROD IN PIER SEAT

------------626.28626.32626.34-626.27626.25Destroyed105
--------626.23626.23-626.25626.24626.29----(SET 7/22/98)602
--------626.24626.25-626.26(SET 12/29/98)603
--------626.20626.21-626.23(SET 12/29/98)604
--------626.21626.22-626.24(SET 12/29/98)605

626.18626.20626.22626.23626.22626.23626.23626.22(SET 10/13/99)901
626.17626.19626.21626.22626.21626.22626.22626.21(SET 10/13/99)900
606.47606.49606.51606.51606.51606.52606.50606.50606.54606.51-§606.53---606.55-ROD IN NORTH FACE306
607.27607.30607.33607.31607.31607.32607.30607.29607.34607.31-607.32607.33---607.33-ROD IN SOUTH FACE305

PIER 2 NORTH
ROD IN PIER SEAT

628.58628.61628.61628.64628.65628.65628.64628.63628.65628.62-628.66628.58628.65----(SET 7/22/98)601
----------------586.09-ROD IN SOUTH FACE206

586.17586.15586.18586.17586.18586.16586.14586.12586.11--586.15586.09-----ROD IN SOUTH FACE610
(SET 7/22/98)

PIER 2 SOUTH
628.72628.75628.73628.77628.76628.78628.78628.76628.78628.76-628.77628.72628.78----ROD IN PIER SEAT600

(SET 7/22/98)
586.12586.11586.13586.12586.13586.11586.10586.16586.16--586.10586.07---586.08-ROD IN NORTH FACE207

ANCHOR STRUCTURE
¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥590.99591.00590.98590.97591.00--591.00-ROD SOUTH END500
¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥590.96590.96590.96590.94590.97--590.96-ROD CENTER +-501
¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥590.99590.99590.99590.97590.99--590.98-ROD NORTH END502

DRILLED SHAFT CAP  (SET 3/4/99)
589.62589.65589.68589.67589.66589.66589.65589.65589.66589.62589.61-------BRASS DISK NORTH END700
589.65589.68589.71589.70589.69589.69589.69589.68589.68589.66589.66-------BRASS DISK CENTER +-701
589.60589.63589.66589.66589.64589.65589.65589.64589.63589.62589.62-------BRASS DISK SOUTH END702

CONTROL POINT
633.15 ***633.16 ***633.22633.21633.21633.23633.22633.22633.23633.22-633.27633.26633.31--633.30633.37PK IN CONC DRIVE64

Calculated from top of concrete using an average rod height
Shots were not  taken due to heat tent for rock anchor placement procedure.§
No future shots will be taken due to anchor structure being buried¥¥
Head of Nail Missing***



PIER SEAT COORDINATES
(Reference Point Locations on Top of Piers)

REL 10/06REL 10/05REL 10/04REL 10/03REL 10/02REL 10/01REL 10/00REL 10/99REL 7/99REL 4/99REL 4/99REL 3/99REL 1/99REL 12/98REL 10/98REL 7/98REL 4/98REL 1/98REL 9/97REL 8/96REL 5/96REL 1995REL 1994REL 1993REL 1992REL 1991REL 1990‡REL 1989‡REL 1988‡B&N 1985*DirectionPier

5114.635114.665114.645114.655114.675114.635114.655114.665114.695114.71N.A.N.A.5114.685114.645114.665114.675114.655114.665114.685114.675114.675114.655114.655114.645114.645114.585114.555114.555114.535114.58NWEP North

4839.914839.904839.874839.854839.884839.854839.844839.854839.814839.81N.A.N.A.4839.834839.834839.844839.824839.774839.754839.694839.674839.674839.604839.624839.624839.594839.594839.594839.594839.584840.08E

5033.965033.945033.955033.945033.945033.945033.945033.955033.965033.99N.A.N.A.5033.99NA5033.995033.985033.995033.995033.965034.015033.985033.965033.985033.985033.965033.875033.865033.855033.845033.90NWEP South

4839.274839.254839.214839.194839.264839.244839.224839.224839.214839.19N.A.N.A.4839.23NA4839.224839.204839.174839.164839.154839.134839.154839.134839.154839.144839.114839.124839.144839.144839.124839.62E

5124.465124.455124.475124.435124.435124.445124.435124.425124.485124.46N.A.N.A.5124.475124.47 £5124.475124.465124.465124.475124.465124.485124.445124.445124.475124.505124.465124.395124.435124.405124.425124.44NPier 1 North

5055.245055.255055.255055.185055.195055.215055.195055.185055.075055.10N.A.N.A.5055.095055.09 £5055.025054.955054.945054.935054.925054.905054.915054.875054.865054.865054.885054.855054.845054.845054.835055.20E

5034.665034.655034.655034.625034.645034.615034.595034.605034.565034.57N.A.N.A.5034.565034.55 £5034.575034.535034.545034.555034.545034.565034.545034.525034.555034.575034.535034.455034.535034.495034.495034.50NPier 1 South

5055.065055.065055.055055.005054.995055.035054.995054.895054.715054.74N.A.N.A.5054.765054.73 £5054.705054.645054.635054.615054.635054.595054.605054.575054.595054.625054.605054.545054.605054.585054.595054.91E

5124.435124.415124.435124.425124.395124.415124.395124.405124.415124.43N.A.N.A.5124.425124.425124.44¥5124.405124.375124.415124.405124.405124.405124.485124.455124.465124.435124.575124.555124.535124.60NPier 2 North

5454.155454.175454.165454.135454.125454.155454.165454.165454.185454.17N.A.N.A.5454.175454.175454.18¥5454.215454.175454.215454.195454.195454.215454.185454.205454.185454.145454.205454.215454.215454.68E

5024.735024.735024.725024.715024.735024.685024.695024.715024.705024.73N.A.N.A.5024.735024.735024.72¥5024.785024.755024.765024.765024.765024.745024.845024.815024.815024.785024.915024.915024.895024.98NPier 2 South

5454.005454.025454.015453.985453.965454.025454.005454.025454.045454.03N.A.N.A.5454.035454.035454.05¥5454.035453.995454.045454.005454.015454.005453.995454.015454.015453.995454.045454.065454.045454.54E

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥5143.435143.415143.395143.44NA5143.445143.455143.425143.42NAnchor Structure

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥5018.525018.565018.555018.54NA5018.505018.445018.445018.39ENorth

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥5075.825075.805075.785075.82NA5075.815075.825075.775075.81NAnchor Structure

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥5018.535018.595018.585018.58NA5018.485018.485018.405018.37ECenter

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥5009.415009.405009.405009.42NA5009.425009.425009.365009.41NAnchor Structure

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥5018.715018.785018.775018.75NA5018.615018.615018.565018.53ESouth

5138.555138.555138.555138.535138.525138.525138.525138.495138.525138.535138.505138.49NDrilled Shaft Cap

5109.845109.835109.835109.825109.845109.815109.805109.805109.775109.785109.815109.81ENorth

5074.465074.475074.465074.455074.455074.435074.435074.405074.445074.435074.415074.42NDrilled Shaft Cap

5109.865109.875109.845109.845109.845109.835109.815109.815109.785109.795109.825109.81ECenter

5010.375010.365010.365010.355010.355010.335010.325010.315010.335010.335010.325010.31NDrilled Shaft Cap

5109.925109.925109.925109.895109.895109.875109.845109.835109.805109.805109.835109.83ESouth

Monumentation damaged by earth moving operations.*

Monuments appear to have been displaced 6" along the bridge.‡
Points destroyed durning construction.  New points set.  First reading taken 10/15/98¥
Monumentation removed for new pier caps for jacking procedure. New points set and first readings taken 12/29/98£

No future shots will be taken due to anchor structure being buried¥¥
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DIFFERENTIAL MOVEMENT
(A positive value indicates movement to the north or east.

A negative value indicates movement to the south or west.)

¤ Net Change10/05-10/0610/04-10/0510/03-10/0410/02-10/0310/01-10/0210/00-10/0110/99-10/007/99-10/994/99-7/991/99-4/993/99-4/991/99-3/9910/98-1/9910/98-12/987/98-10/984/98-7/981/98-4/9897-1/988/96-9795-8/9695-5/9694-9593-9492-9391-9290-91 ‡89-90 ‡88-89 ‡85-88 *DirectionPointPier

0.11-0.020.02-0.01-0.020.04-0.02-0.01-0.03-0.020.03NANA0.04-0.02-0.010.02-0.01-0.020.010.000.020.000.00-0.000.060.03-0.000.03-0.05N50WEP North

0.330.020.030.02-0.030.030.01-0.010.030.00-0.02NANA-0.00-0.010.020.050.020.060.02-0.000.07-0.02-0.000.030.00-0.000.010.01-0.50EPier Seat

0.120.02-0.000.00-0.000.000.00-0.01-0.01-0.03-0.01NANA0.04NA0.01-0.01-0.000.03-0.040.030.02-0.02-0.000.020.090.010.010.01-0.05N60WEP South

0.140.010.040.02-0.070.020.02-0.000.020.02-0.04NANA0.03NA0.020.030.010.010.02-0.020.03-0.020.010.03-0.02-0.020.000.02-0.50EPier Seat

0.040.01-0.020.040.01-0.020.010.01-0.060.02-0.01NANA0.00-0.010.010.00-0.010.00-0.010.040.00-0.03-0.030.040.07-0.040.03-0.02-0.02N30Pier 1 North

0.41-0.01-0.000.08-0.01-0.020.020.010.11-0.020.01NANA0.000.070.070.020.010.010.01-0.010.040.010.00-0.020.030.010.000.01-0.37EPier Seat

0.170.01-0.010.03-0.020.030.02-0.000.04-0.010.01NANA0.01-0.020.04-0.01-0.010.01-0.020.020.02-0.03-0.020.040.08-0.080.040.01-0.01N40Pier 1 South

0.47-0.010.020.040.02-0.040.040.100.18-0.03-0.02NANA0.030.030.060.010.02-0.020.04-0.020.03-0.01-0.040.020.06-0.060.01-0.00-0.33EPier Seat

-0.010.03-0.020.010.03-0.020.02-0.01-0.01-0.020.01NANA0.00-0.02§NA0.03-0.050.010.00-0.00-0.070.02-0.010.02-0.140.020.02-0.06N10Pier 2 North

-0.03-0.020.000.040.01-0.03-0.010.00-0.030.02-0.00NANA0.00-0.01§NA0.04-0.040.03-0.01-0.010.03-0.020.020.03-0.05-0.01-0.00-0.47EPier Seat

0.010.000.010.00-0.010.04-0.01-0.020.01-0.03-0.00NANA0.000.01§NA0.03-0.02-0.000.010.01-0.100.03-0.000.03-0.130.000.01-0.09N20Pier 2 South

-0.06-0.020.000.040.02-0.060.03-0.02-0.020.010.00NANA0.00-0.03§NA0.04-0.050.03-0.010.010.01-0.020.010.02-0.05-0.010.01-0.50EPier Seat

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥0.020.01-0.050.02NA-0.010.03-0.00¥N502Anchor Structure

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥-0.040.010.010.07NA0.050.010.05¥ENorth

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥0.020.02-0.030.05NA-0.000.05-0.04¥N501Anchor Structure

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥-0.060.01-0.000.07NA0.000.080.03¥ECenter

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥0.01-0.00-0.020.03NA-0.010.06-0.05¥N500Anchor Structure

¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥-0.070.010.030.06NA-0.000.050.03¥ESouth

0.06-0.000.000.020.010.000.000.03-0.03-0.010.030.01£N700Drilled Shaft Cap

0.030.000.010.00-0.020.030.010.000.03-0.01-0.03-0.00£ENorth

0.05-0.010.010.01-0.000.02-0.000.03-0.040.000.02-0.00£N701Drilled Shaft Cap

0.05-0.010.03-0.01-0.000.020.02-0.000.02-0.00-0.040.01£ECenter

0.050.000.000.010.000.010.010.02-0.020.010.010.01£N702Drilled Shaft Cap

0.090.000.000.03-0.000.020.030.010.030.00-0.040.01£ESouth

Monumentation damaged by earth moving operations.*

Monuments appear to have been displaced 6" along the bridge.‡

First  measurements taken 2/26/98      ¥

First  measurements taken 10/15/98§

Net change is initial reading compared to the last compatible reading ¤

First  measurements taken 3/08/99£

No future shots will be taken due to anchor structure being buried¥¥



PIER SIDE COORDINATES
(Reference Point Locations on Sides of Piers)

REL 10/06REL 10/05REL 10/04REL 10/03REL 10/02REL 10/01REL 10/00REL 10/99REL 7/99REL 4/99REL 1/99REL 12/98REL 10/98REL 7/98REL 4/98REL 1/98REL 1997REL 8/96REL 5/96REL 1995REL 1994REL 1993REL 1992REL 1991DirectionPier

5160.905160.905160.905160.895160.865160.885160.895160.895160.905160.935160.935160.895160.965160.945160.925160.965160.985161.00-------5162.665161.995162.695162.675162.58NWEP North (Inside)

4884.354884.344884.344884.294884.344884.334884.304884.294884.294884.294884.324884.304884.224884.274884.274884.264884.184884.16-------4879.234878.944879.174879.324879.46E

5184.035183.985184.035184.045184.035184.045184.045184.065184.065184.065184.015183.995183.945183.995183.985183.975184.035184.04-------5184.22NA5184.24--------------NWEP North (Outside)

4888.284888.264888.264888.284888.284888.254888.254888.234888.234888.214888.194888.204888.244888.194888.164888.144888.094888.05-------4887.51NA4887.48--------------E

5076.465076.435076.465076.455076.465076.425076.455076.515076.535076.495076.535076.535076.495076.505076.525076.535076.515076.56-------5088.855088.865088.875088.865088.80NWEP South (Inside)

4858.074858.054858.044858.034858.044858.024858.014858.034858.024858.004858.054858.024858.104858.024858.014857.984857.974857.97-------4854.434854.464854.434854.514854.36E

5051.345051.345051.335051.345051.335051.305051.325051.335051.345051.355051.37NA5051.405051.345051.385051.405051.375051.41-------5051.455051.455051.47--------------NWEP South (Outside)

4841.114841.094841.094841.074841.124841.084841.084841.084841.084841.084841.10NA4841.044841.074841.084841.074841.084841.07-------4840.804840.844840.79--------------E

5086.085086.105086.075086.055086.065086.065086.085086.065086.095086.13§§5086.165086.145086.145086.175086.175086.18-------5087.095087.155087.19--------------NPier 1 North (Inside)

5096.225096.235096.235096.195096.205096.215096.165096.175096.155096.16§§5096.015096.035096.015095.945095.945095.93-------5093.175093.165093.22--------------E

5099.995099.995099.995100.015099.985100.045100.095100.035100.065100.125100.095100.085100.065100.125100.135100.125100.135100.135100.125100.11NA5100.04--------------NPier 1 North (Outside)

5098.335098.325098.315098.325098.315098.295098.305098.275098.255098.245098.245098.245098.225098.155098.115098.085098.085098.065098.035098.01NA5098.27--------------E

5014.565014.535014.555014.555014.535014.525014.545014.535014.535014.59§§5014.565014.615014.615014.625014.615014.605014.595014.555014.615014.665014.575014.59NPier 1 South (Inside)

5069.025069.035069.015069.045069.045068.995068.945068.965068.875068.84§§5068.785068.745068.705068.675068.705068.685068.685068.655068.685068.705068.935068.67E

5001.865001.835001.815001.805001.815001.815001.825001.805001.835001.845001.845001.835001.915001.865001.865001.905001.875001.905001.895001.875001.905001.94--------------NPier 1 South (Outside)

5063.785063.755063.765063.745063.745063.705063.695063.695063.615063.565063.585063.565063.425063.465063.435063.385063.425063.415063.395063.345063.425063.39--------------E

4953.984953.974953.964953.954953.944953.944953.964953.944953.924953.934953.934953.964953.96¥4953.954953.95NA4953.974953.954953.954953.974953.994953.994954.01NPier 2 North (Inside)

5469.975469.985469.975469.975470.005470.025469.995469.995470.015470.015470.055469.975469.96¥5470.035470.03NA5470.005470.035470.025469.995470.045470.015469.91E

4883.384883.394883.354883.364883.374883.344883.374883.404883.444883.424883.354883.404883.33‡4883.374883.31NA4883.404883.394883.384883.464883.444883.444883.44NPier 2 South (Inside)

5445.405445.415445.415445.395445.405445.425445.415445.385445.375445.355445.505445.405445.45‡5445.395445.37NA5445.365445.405445.405445.415445.465445.455445.32E

No reading taken (point not yet set).-------

Information not available.NA

Points destroyed during construction.  New points set¥

Unable to shoot points due to rock piles next to piers‡
Shots were not  taken due to heat tent for rock anchor placement procedure.§



PIER TILT
(The difference between the coordinates of the points set on the pier seat and the points

at the ground line using the first year measured as the zero point.  A positive value indicates

top tilt to the north or east.  A negative value indicates top tilt to the south or west.)

REL 10/06REL 10/05REL 10/04REL 10/03REL 10/02REL 10/01REL 10/00REL 10/99REL 7/99REL 4/99REL 1/99REL 12/98REL 10/98REL 7/98REL 4/98REL 1/98REL 9/97REL 8/96REL 1995REL 1994REL 1993REL 1992REL 1991DirectionPier
0.070.090.080.090.140.080.100.100.120.100.070.080.020.060.060.030.03=====-0.010.66-0.05-0.03=====NWEP North (Inside)

0.050.040.020.050.030.010.020.040.010.010.000.030.110.04-0.00-0.02-0.00=====0.240.550.320.14=====E

-0.030.04-0.03-0.020.01-0.04-0.02-0.04-0.000.020.030.020.080.050.040.060.02=====0.03NA=====-------=====NWEP North (Outside)

0.010.02-0.02-0.05-0.03-0.03-0.03-0.01-0.04-0.030.020.01-0.020.01-0.01-0.01-0.02=====-0.04NA=====-------=====E

0.060.070.040.040.040.070.03-0.00-0.020.040.01-0.030.050.030.020.020.01=====0.030.040.030.02=====NWEP South (Inside)

0.040.040.01-0.010.060.050.040.030.020.030.020.02-0.050.020.000.020.02=====-0.06-0.08-0.05-0.16=====E

0.020.010.010.010.010.040.020.020.020.030.02NA-0.010.030.02-0.01-0.01=====-0.010.01=====-------=====NWEP South (Outside)

0.100.100.060.060.080.100.080.090.070.050.07NA0.120.070.040.030.01=====-0.02-0.05=====-------=====E

0.080.050.110.090.070.090.060.060.090.04NANA0.020.030.020.00-0.00=====0.030.01=====-------=====NPier 1 North (Inside)

0.050.050.060.010.020.030.060.05-0.05-0.03NANA0.04-0.04-0.040.020.01=====0.060.06=====-------=====E

0.01-0.000.02-0.04-0.02-0.06-0.12-0.08-0.05-0.13-0.09-0.08-0.05-0.13-0.13-0.12-0.13-0.11-0.14NA=====-------=====NPier 1 North (Outside)

0.330.350.350.270.300.330.300.330.240.270.260.260.210.220.240.260.250.260.27NA=====-------=====E

0.230.240.230.210.240.220.180.200.160.12NANA0.150.050.070.060.060.090.110.070.050.10=====NPier 1 South (Inside)

0.160.160.160.090.080.170.170.05-0.030.03NANA0.050.020.060.070.050.040.050.030.05-0.20=====E

0.160.190.210.190.200.170.140.160.090.100.090.090.020.040.050.020.040.020.020.01=====-------=====NPier 1 South (Outside)

0.040.080.050.030.010.100.06-0.04-0.13-0.06-0.06-0.070.04-0.06-0.04-0.01-0.03-0.06-0.01-0.07=====-------=====E

0.020.010.040.040.020.040.000.030.060.060.060.03=====NA0.03-0.01NA0.010.030.070.030.04=====NPier 2 North (Inside)

-0.05-0.04-0.04-0.08-0.12-0.10-0.07-0.07-0.06-0.08-0.12-0.03=====NA-0.05-0.09NA-0.04-0.04-0.05-0.08-0.07=====E

0.020.000.020.010.020.01-0.02-0.03-0.08-0.030.04-0.00=====NA0.070.10NA0.020.030.040.030.03=====NPier 2 South (Inside)

-0.07-0.06-0.06-0.07-0.11-0.06-0.08-0.020.000.02-0.14-0.04=====NA-0.03-0.05NA-0.03-0.07-0.08-0.11-0.11=====E

No reading taken. (Point not set.)-------

First reading (Point set/reset)=====

Information Not AvailableNA



CHANGE IN PIER TILTS
(The change in tilts are difference between the coordinates and elevations of the points set on the pier seat and side of the pier. The first  angle of 

 compatible data is set to zero and compared to the preceding years  A positive value indicates top tilt to the  north or east.  

  A negative value indicates top tilt to the south or west.)

REL 10/06REL 10/05REL 10/04REL 10/03REL 10/02REL 10/01REL 10/00REL 10/99REL 7/99REL 4/99REL 1/99REL 12/98REL 10/98REL 7/98REL 4/98REL 1/98REL 9/97REL 8/96REL 1995REL 1994REL 1993REL 1992REL 1991DirectionPier

0.01 º0.01 º0.01 º0.01 º0.02 º0.01 º0.02 º0.02 º0.02 º0.02 º0.01 º0.01 º0.00 º0.01 º0.01 º0.00 º0.01 º0.00 ºNANANANANANWEP North (Inside)

0.01 º0.01 º0.00 º0.01 º0.00 º0.00 º0.00 º0.01 º0.00 º0.00 º0.00 º0.00 º0.02 º0.01 º-0.00 º-0.00 º-0.00 º0.00 ºNANANANANAE

-0.00 º0.00 º-0.00 º-0.00 º0.00 º-0.00 º-0.00 º-0.00 º-0.00 º0.00 º0.00 º0.00 º0.01 º0.00 º0.00 º0.00 º0.00 º0.00 ºNANANANANANWEP North (Outside)

0.00 º0.00 º-0.00 º-0.01 º-0.00 º-0.00 º-0.00 º-0.00 º-0.01 º-0.00 º0.00 º0.00 º-0.00 º0.00 º-0.00 º-0.00 º-0.00 º0.00 ºNANANANANAE

0.01 º0.01 º0.00 º0.00 º0.00 º0.01 º0.00 º-0.00 º-0.00 º0.01 º0.00 º-0.00 º0.01 º0.00 º0.00 º0.00 º0.00 º0.00 ºNANANANANANWEP South (Inside)

0.02 º0.02 º0.00 º-0.00 º0.03 º0.03 º0.03 º0.02 º0.01 º0.02 º0.01 º0.01 º-0.03 º0.01 º0.00 º0.01 º0.01 º0.00 ºNANANANANAE

0.04 º0.01 º0.02 º0.01 º0.02 º0.05 º0.02 º0.03 º0.03 º0.05 º0.03 ºNA-0.02 º0.05 º0.02 º-0.01 º-0.01 º0.00 ºNANANANANANWEP South (Outside)

0.50 º0.52 º0.29 º0.32 º0.42 º0.52 º0.41 º0.45 º0.36 º0.26 º0.36 ºNA0.62 º0.37 º0.19 º0.16 º0.06 º0.00 ºNANANANANAE

0.68 º0.66 º0.70 º0.68 º0.68 º0.68 º0.67 º0.67 º0.69 º0.65 ºNANA0.64 º0.65 º0.64 º0.63 º0.63 º0.63 º0.01 º0.00 ºNANANANPier 1 North (Inside)

0.03 º0.03 º0.03 º0.01 º0.01 º0.02 º0.03 º0.03 º-0.03 º-0.02 ºNANA0.03 º-0.02 º-0.02 º0.01 º0.00 º0.00 ºNANANANANAE

0.16 º0.16 º0.18 º0.11 º0.14 º0.09 º0.02 º0.06 º0.10 º0.01 º0.05 º0.06 º0.11 º0.01 º0.00 º0.02 º0.01 º0.03 º0.00 ºNANANANANPier 1 North (Outside)

0.03 º0.04 º0.04 º-0.00 º0.01 º0.03 º0.02 º0.03 º-0.02 º0.00 º-0.00 º-0.01 º-0.03 º-0.03 º-0.02 º-0.00 º-0.01 º-0.01 º0.00 ºNANANANAE

0.33 º0.35 º0.33 º0.29 º0.35 º0.31 º0.26 º0.29 º0.23 º0.17 ºNANA0.21 º0.07 º0.09 º0.09 º0.08 º0.13 º0.15 º0.11 º0.07 º0.14 º0.00 ºNPier 1 South (Inside)

0.31 º0.32 º0.31 º0.18 º0.15 º0.32 º0.33 º0.10 º-0.06 º0.05 ºNANA0.09 º0.05 º0.12 º0.13 º0.10 º0.08 º0.10 º0.07 º0.10 º-0.38 º0.00 ºE

0.11 º0.13 º0.15 º0.13 º0.14 º0.12 º0.10 º0.11 º0.06 º0.07 º0.06 º0.06 º0.01 º0.02 º0.03 º0.00 º0.02 º0.01 º0.01 º0.00 ºNANANANPier 1 South (Outside)

0.28 º0.37 º0.30 º0.26 º0.21 º0.42 º0.33 º0.08 º-0.15 º0.03 º0.04 º0.01 º0.29 º0.03 º0.08 º0.16 º0.11 º0.03 º0.16 º0.00 ºNANANAE

0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.01 º0.00 ºNA0.00 º-0.00 ºNA0.00 º0.00 º0.01 º0.00 º0.00 º0.00 ºNPier 2 North (Inside)

-0.07 º-0.06 º-0.05 º-0.10 º-0.15 º-0.13 º-0.09 º-0.09 º-0.08 º-0.10 º-0.15 º-0.04 º0.00 ºNA-0.06 º-0.10 ºNA-0.05 º-0.05 º-0.05 º-0.09 º-0.08 º0.00 ºE

0.00 º0.00 º0.00 º0.00 º0.00 º0.00 º-0.00 º-0.00 º-0.01 º-0.00 º0.00 º-0.00 º0.00 ºNA0.01 º0.01 ºNA0.00 º0.00 º0.00 º0.00 º0.00 º0.00 ºNPier 2 South (Inside)

-0.11 º-0.10 º-0.10 º-0.12 º-0.16 º-0.10 º-0.13 º-0.05 º-0.02 º0.00 º-0.20 º-0.07 º0.00 ºNA-0.04 º-0.06 ºNA-0.03 º-0.09 º-0.10 º-0.14 º-0.14 º0.00 ºE
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I. Introduction 
 
This is an Annual Report on the monitoring results of the stabilization structures at the 

CUY-90-15.24 west end slope for the period between 4/26/2006 and 4/11/2007. The 

strain gages and slope inclinometers (SI) previously installed in the stabilization 

structures between 1997 and 1999 have been monitored continuously. Since the 

beginning of the monitoring, quarterly reports and annual reports have been submitted to 

document the monitoring results.  For the purpose of completeness and for a better 

perspective, the presentation of the monitored and deduced data in this report covers the 

period from the beginning of monitoring to the last reading taken in April 2007.  

 

The plane view of the general layout of the stabilization structures is shown in Fig. 1. A 

total of five tie-beams (#1, #12, #13, #14, and #26) were instrumented with strain gages 

at both ends of the beams, as shown in Fig. 2. The gage numbering system is indicated in 

Fig. 2 as well. A total of five driven piles (#1, #17, #18, #19, and #34) were each 

instrumented with four strain gages near the top of the pile, as shown in Fig. 3. Rock 

anchors #1, #8, #9, and #17 were each instrumented with a load cell at the anchor head. 

Finally, drilled shafts #1 and #9 were instrumented with sister-bar type of strain gages. 

The locations of these strain gages along the length of the drilled shafts and the gage 

designation numbers are presented in Fig. 4 and Fig. 5 for shaft #1 and shaft #9, 

respectively. Furthermore, drilled shafts #1, #3, #8, #9, #10, and #17, shown in Fig. 6, 

were each embedded with slope inclinometer casings for monitoring shafts deflections. 
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II. Monitoring Results 
 

II.1 Rock Anchors: 
 
The recorded numerical values of load cells at the anchor heads are summarized in Table 

1. Also, the load versus time plot for each anchor is shown in Fig. 7.  Between 4/2006 

and 4/2007, the anchor loads appeared to remain fairly steady.  

  

II.2 Tie-Beams: 
 
The strain readings from the gages in the tie-beams have been converted into axial forces 

and bending moments at the locations near the driven pile cap side and near the drilled 

shaft cap side, and they are summarized in Table 2 and Table 3, respectively. The plots of 

the axial force versus time for five monitored tie-beams are presented in Fig. 8 and Fig. 9 

for the drilled shaft cap side and the driven pile cap side, respectively.  The average axial 

forces of all five monitored tie-beams on the pile cap side and the drilled shaft cap side 

are plotted respectively in Fig. 10. The axial forces appeared to oscillate within a small 

range. 

 

The major bending moments for each of the five monitored tie-beams are shown in Fig. 

11 and Fig. 12 for the pile cap side and drilled shaft cap side, respectively. The average 

bending moments for all five monitored tie-beams for the drilled shaft side and the pile 

cap side are shown in Fig. 13. These average bending moments on both sides of the tie-

beams appeared to be fairly constant during the past year. 
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II.3 Driven Piles: 
 
The strain readings from the strain gages on the driven piles have been converted into the 

bending moments and axial forces for each of the five monitored driven piles and are 

summarized in Table 4.  The axial forces versus time and the major bending moments 

versus time are plotted in Fig. 14 and Fig. 15, respectively. Since the end of construction 

(6/1999), the forces and bending moments have shown some increases. However, within 

the past year, these changes were very small. 

 

II.4 Drilled Shafts: 
 
The bending moments in the drilled shaft #9 at different elevations are shown in Fig. 16. 

It can be seen that the moments have been increasing over time, especially at the depth of 

95 ft below the cap top. However, the rate of change has decreased over the last year. The 

bending moments in the drilled shaft #1 at different elevations are shown in Fig. 17. 

Please note that the bending moments shown in Fig. 17 are smaller than those shown in 

Fig. 16, due to the fact that the moments measured in shaft #9 (Fig. 16) are in the major 

bending direction, while the moments measured in shaft #1 are not in the major bending 

direction. 

  

The distribution of bending moments along the depth of the drilled shafts is depicted in 

Fig. 18 and Fig. 19 for shaft #9 and shaft #1, respectively. Again, keep in mind that the 

moment direction in shaft #1 and shaft #9 is different, as noted previously in Fig. 6. 
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II.5 Slope Inclinometer reading: 
 
Four separate inclinometer readings were taken over the last year for all six slope 

inclinometer casings embedded in the drilled shafts. It is noted that inclinometer casing 

9B was blocked and no longer readable.  The incremental and cumulative deflection plots 

in the A-direction (toward river direction) are presented in Figs. 20 to 25. There was no 

significant movement observed during this monitoring period. 

 

III. Concluding Remark 
 
Based on examinations of the monitored data collected over the last year, the stabilization 

structures in the slope seemed to experience fairly steady state of forces and moments.  

There was no observed sudden big jump in the monitored data. Nevertheless, continuing 

monitoring of these slope stabilization structures, the ground movements, and the 

behavior of the superstructures, is recommended.  



Anchor #1 Anchor #8 Anchor #9 Anchor #17

Load, kips Load, kips Load, kips Load, kips
4/7/1999 560
4/8/1999 489 499

4/14/1999 460 473 596 (Lock off) 461
5/7/1999 452 473 572 445 End of construction
7/1/1999 446 468 564 439
10/1/1999 441 467 560 440
1/1/2000 439 461 555 424
4/1/2000 432 453 546 414
7/1/2000 431 451 521 415
10/1/2000 431 451 519 416
1/1/2001 430 455 517 400
4/1/2001 421 443 513 397
7/1/2001 422 443 510 399
10/1/2001 425 445 512 403
1/1/2002 424 444 511 398
4/1/2002 421 440 508 386
7/1/2002 419 439 506 391
10/1/2002 423 442 508 396
1/1/2003 423 435 508 389
4/15/2003 416 427 501 380
8/7/2003 416 428 503 384
10/7/2003 418 429 504 387
12/31/2003 417 426 503 378
4/13/2004 408 418 494 370
7/13/2004 409 419 494 374
10/8/2004 411 422 496 377
1/7/2005 411 421 495 374
4/8/2005 407 414 485 366
7/18/2005 407 415 485 370
11/12/2005 410 419 489 374
1/10/2006 409 417 487 369
4/9/2006 399 411 487 365
7/19/2006 399 412 487 368
10/18/2006 407.3 414.8 489.6 371.7
1/18/2007 405 412 487 366
4/19/2007 401 406 501 361

Date Comment

Anchor Lock off

 Table 1 Numerical reading of anchor load as a function of time for anchors #1, #8, #9 and #17
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 -47.1 68.5 551.7 681.8 313.73 10.70 616.75 252.30 375.15 83.06 -40.28 -2.75
7/15/1999 -70.1 53.8 538.8 666.8 297.33 -8.15 602.80 234.35 360.30 78.72 -40.60 -2.82
8/15/1999 10.7 114.3 613.7 728.1 366.70 62.50 670.90 312.20 421.20 97.09 -40.43 -2.44
8/31/1999 12.0 114.3 617.3 732.8 369.10 63.15 675.05 314.65 423.55 97.73 -40.67 -2.44
9/15/1999 13.1 113.5 619.7 737.5 370.95 63.30 678.60 316.40 425.50 98.22 -40.89 -2.44
9/30/1999 29.6 122.3 634.4 753.4 384.93 75.95 693.90 332.00 437.85 101.92 -41.07 -2.37

10/15/1999 34.7 123.9 637.8 757.9 388.58 79.30 697.85 336.25 440.90 102.88 -41.11 -2.34
10/31/1999 39.8 127.2 646.6 762 393.90 83.50 704.30 343.20 444.60 104.29 -41.26 -2.27
11/15/1999 62.3 139.3 662.9 780.1 411.15 100.80 721.50 362.60 459.70 108.86 -41.25 -2.18
11/30/1999 73.7 146.3 670.6 788.6 419.80 110.00 729.60 372.15 467.45 111.15 -41.18 -2.13
12/15/1999 72.8 143.6 668.9 789.7 418.75 108.20 729.30 370.85 466.65 110.87 -41.28 -2.15
12/31/1999 88.8 152.1 680.1 802.5 430.88 120.45 741.30 384.45 477.30 114.08 -41.26 -2.08

3/31/2000 95.3 158.7 682.5 825.2 440.43 127.00 753.85 388.90 491.95 116.61 -41.66 -2.31
6/30/2000 60.2 138.2 662.7 804.5 416.40 99.20 733.60 361.45 471.35 110.25 -42.16 -2.46
9/30/2000 50.1 142.5 668.8 795.7 414.28 96.30 732.25 359.45 469.10 109.69 -42.26 -2.46
1/13/2001 109.5 179.9 712.3 845.5 461.80 144.70 778.90 410.90 512.70 122.27 -42.15 -2.28
4/20/2001 126.8 283.2 715.3 881.9 501.80 205.00 798.60 421.05 582.55 132.86 -39.45 -3.62
7/16/2001 68.3 149.8 674.3 837.1 432.38 109.05 755.70 371.30 493.45 114.48 -42.98 -2.74
10/9/2001 71.4 157.1 685.5 840.8 438.70 114.25 763.15 378.45 498.95 116.15 -43.12 -2.70

1/9/2002 102.7 177.8 713 872 466.38 140.25 792.50 407.85 524.90 123.48 -43.35 -2.62
4/12/2002 125.5 192.8 738.6 904.9 490.45 159.15 821.75 432.05 548.85 129.86 -44.04 -2.62
7/18/2002 62.3 151.8 706.334 859.6 445.01 107.05 782.97 384.32 505.70 117.82 -44.92 -2.72
10/8/2002 43.7 151.1 711.3 846.7 438.20 97.40 779.00 377.50 498.90 116.02 -45.30 -2.72

1/8/2003 84.7 180.5 748.5 891.8 476.38 132.60 820.15 416.60 536.15 126.13 -45.69 -2.68
4/15/2003 96.1 191.9 739.9 989.3 504.30 144.00 864.60 418.00 590.60 133.52 -47.89 -3.87

7/1/2003 57.4 168 713 959 474.35 112.70 836.00 385.20 563.50 125.59 -48.07 -3.99
10/7/2003 42.1 166.8 714 946.6 467.38 104.45 830.30 378.05 556.70 123.75 -48.24 -4.00

12/31/2003 80 197.9 753.9 985.1 504.23 138.95 869.50 416.95 591.50 133.50 -48.55 -3.91
4/13/2004 92 208.9 760.4 1006.6 516.98 150.45 883.50 426.20 607.75 136.88 -48.72 -4.07
7/13/2004 14.6 163.9 707.3 954.4 460.05 89.25 830.85 360.95 559.15 121.81 -49.29 -4.44
10/8/2004 -8.6 233.4 704.6 941 467.60 112.40 822.80 348.00 587.20 123.81 -47.21 -5.36

1/7/2005 19.5 190.4 746.5 982.5 484.73 104.95 864.50 383.00 586.45 128.34 -50.48 -4.56
4/8/2005 3.4 397.6 751.6 1003.4 539.00 200.50 877.50 377.50 700.50 142.71 -44.99 -7.24

7/18/2005 3.1 164.3 709.7 969.6 461.68 83.70 839.65 356.40 566.95 122.24 -50.24 -4.72
8/26/2005 3.1 157.5 702.5 956.3 454.85 80.30 829.40 352.80 556.90 120.43 -49.78 -4.57

10/11/2005 3.1 164.2 712.6 960.1 460.00 83.65 836.35 357.85 562.15 121.79 -50.02 -4.58
1/10/2006 3.1 191.9 742.5 997 483.63 97.50 869.75 372.80 594.45 128.05 -51.32 -4.97

4/9/2006 3.5 205.3 750.7 1018.8 494.58 104.40 884.75 377.10 612.05 130.95 -51.86 -5.26
7/19/2006 3.5 166.6 703.7 975.5 462.33 85.05 839.60 353.60 571.05 122.41 -50.15 -4.87

10/18/2006 3.5 170.2 709 967.5 462.55 86.85 838.25 356.25 568.85 122.47 -49.94 -4.76
1/18/2007 3.5 209.1 748.7 1013.1 493.60 106.30 880.90 376.10 611.10 130.69 -51.48 -5.26
4/19/2007 3.5 216.6 743.7 1021.2 496.25 110.05 882.45 373.60 618.90 131.39 -51.33 -5.50

Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side)

1
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 374.9 6 549.6 471.8 350.58 190.45 510.70 462.25 238.90 92.82 -21.28 5.00
7/15/1999 368.6 -3.6 544.2 467.3 344.13 182.50 505.75 456.40 231.85 91.11 -21.48 5.03
8/15/1999 373.7 0.2 569.4 485.2 357.13 186.95 527.30 471.55 242.70 94.56 -22.62 5.13
8/31/1999 368.4 -4.7 567 486.2 354.23 181.85 526.60 467.70 240.75 93.79 -22.91 5.08
9/15/1999 365.9 -9.2 565.3 485.1 351.78 178.35 525.20 465.60 237.95 93.14 -23.05 5.10
9/30/1999 364.6 -11.7 570.1 487.6 352.65 176.45 528.85 467.35 237.95 93.37 -23.42 5.14

10/15/1999 361.7 -14.8 569.9 487.4 351.05 173.45 528.65 465.80 236.30 92.95 -23.61 5.14
10/31/1999 362.8 -13.5 575.6 493.1 354.50 174.65 534.35 469.20 239.80 93.86 -23.91 5.14
11/15/1999 365.0 -11.5 581.4 498 358.23 176.75 539.70 473.20 243.25 94.85 -24.12 5.15
11/30/1999 365.6 -11.8 583.7 500.1 359.40 176.90 541.90 474.65 244.15 95.16 -24.26 5.16
12/15/1999 368.0 -9.2 589.7 504.2 363.18 179.40 546.95 478.85 247.50 96.16 -24.43 5.18
12/31/1999 369.0 -8 592.9 506.6 365.13 180.50 549.75 480.95 249.30 96.67 -24.54 5.19

3/31/2000 379.6 7.3 617 524.1 382.00 193.45 570.55 498.30 265.70 101.14 -25.06 5.21
6/30/2000 376.1 4.4 608.9 519.1 377.13 190.25 564.00 492.50 261.75 99.85 -24.84 5.17
9/30/2000 360.7 -12.3 588.3 503.5 360.05 174.20 545.90 474.50 245.60 95.33 -24.70 5.13
1/13/2001 372.1 2.2 618.1 526.1 379.63 187.15 572.10 495.10 264.15 100.51 -25.58 5.17
4/20/2001 387.6 21 645.8 549.2 400.90 204.30 597.50 516.70 285.10 106.15 -26.13 5.19
7/16/2001 374.6 6.5 621.5 532.9 383.88 190.55 577.20 498.05 269.70 101.64 -25.70 5.12
10/9/2001 360.9 -9.4 598.9 515.8 366.55 175.75 557.35 479.90 253.20 97.05 -25.36 5.08

1/9/2002 363.5 -2.5 611.5 524.5 374.25 180.50 568.00 487.50 261.00 99.09 -25.75 5.07
4/12/2002 381.7 16.9 642.7 550.5 397.95 199.30 596.60 512.20 283.70 105.37 -26.40 5.12
7/18/2002 375 10.5 629 544.7 389.80 192.75 586.85 502.00 277.60 103.21 -26.19 5.03
10/8/2002 357.7 -9.6 599.2 523 367.58 174.05 561.10 478.45 256.70 97.32 -25.72 4.97

1/8/2003 367.3 6.5 626.7 542.7 385.80 186.90 584.70 497.00 274.60 102.15 -26.44 4.98
4/15/2003 385.9 27.3 655.3 566.2 408.68 206.60 610.75 520.60 296.75 108.20 -26.86 5.01

7/1/2003 384.7 26.3 649.2 565.6 406.45 205.50 607.40 516.95 295.95 107.62 -26.71 4.95
10/7/2003 360.6 3.5 613 539.7 379.20 182.05 576.35 486.80 271.60 100.40 -26.20 4.82

12/31/2003 372 19.4 636 558.3 396.43 195.70 597.15 504.00 288.85 104.96 -26.68 4.82
4/13/2004 389.4 39.8 665.5 583.1 419.45 214.60 624.30 527.45 311.45 111.06 -27.23 4.84
7/13/2004 379.5 27.7 643.3 571.1 405.40 203.60 607.20 511.40 299.40 107.34 -26.82 4.75
10/8/2004 361.6 10.3 615.2 550.9 384.50 185.95 583.05 488.40 280.60 101.80 -26.39 4.66

1/7/2005 367.5 16.1 630.6 561.5 393.93 191.80 596.05 499.05 288.80 104.30 -26.87 4.71
4/8/2005 388.2 35.6 662.3 587.2 418.33 211.90 624.75 525.25 311.40 110.76 -27.44 4.79

7/18/2005 382.6 26.3 647.7 580.1 409.18 204.45 613.90 515.15 303.20 108.34 -27.21 4.75
8/26/2005 373.6 15.7 629.8 566.8 396.48 194.65 598.30 501.70 291.25 104.97 -26.83 4.71

10/11/2005 365.9 6.1 617.8 557.9 386.93 186.00 587.85 491.85 282.00 102.45 -26.71 4.70
1/10/2006 376.2 17.5 639 572.2 401.23 196.85 605.60 507.60 294.85 106.23 -27.16 4.77

4/9/2006 393.8 32.7 665.7 594 421.55 213.25 629.85 529.75 313.35 111.61 -27.69 4.85
7/19/2006 384.2 20.3 646.2 582.7 408.35 202.25 614.45 515.20 301.50 108.12 -27.39 4.79

10/18/2006 365 -2 614.4 558.2 383.90 181.50 586.30 489.70 278.10 101.65 -26.90 4.74
1/18/2007 376 9.6 635.9 573.9 398.85 192.80 604.90 505.95 291.75 105.60 -27.39 4.80
4/19/2007 390.7 24.1 659.3 592.7 416.70 207.40 626.00 525.00 308.40 110.33 -27.82 4.85

Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)

12

daoping
Text Box
7



Page 3/5
Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 306.3 72.2 490.8 675.2 386.13 189.25 583.00 398.55 373.70 102.23 -26.17 0.56
7/15/1999 288.0 53.1 484.2 670.6 373.98 170.55 577.40 386.10 361.85 99.02 -27.04 0.54
8/15/1999 280.9 61.8 506.3 693.7 385.68 171.35 600.00 393.60 377.75 102.12 -28.49 0.36
8/31/1999 270.4 52.1 503.1 691.4 379.25 161.25 597.25 386.75 371.75 100.41 -28.98 0.34
9/15/1999 261.3 43.9 501.2 689.9 374.08 152.60 595.55 381.25 366.90 99.04 -29.44 0.32
9/30/1999 257.1 40.7 503.1 690.7 372.90 148.90 596.90 380.10 365.70 98.73 -29.77 0.32

10/15/1999 250.1 33.8 501.2 691 369.03 141.95 596.10 375.65 362.40 97.71 -30.18 0.30
10/31/1999 251.4 38 507.6 697.6 373.65 144.70 602.60 379.50 367.80 98.93 -30.43 0.26
11/15/1999 253.9 41.6 512.1 701.9 377.38 147.75 607.00 383.00 371.75 99.92 -30.52 0.25
11/30/1999 253.5 41.2 513.6 704.4 378.18 147.35 609.00 383.55 372.80 100.13 -30.68 0.24
12/15/1999 255.8 46.7 519.1 709.3 382.73 151.25 614.20 387.45 378.00 101.33 -30.77 0.21
12/31/1999 256.7 48.9 522.3 712.4 385.08 152.80 617.35 389.50 380.65 101.96 -30.87 0.20

3/31/2000 267.5 64.6 542.8 734.2 402.28 166.05 638.50 405.15 399.40 106.51 -31.40 0.13
6/30/2000 258.9 46.4 531.2 726.1 390.65 152.65 628.65 395.05 386.25 103.43 -31.63 0.20
9/30/2000 237.1 10.1 504.9 705.9 364.50 123.60 605.40 371.00 358.00 96.51 -32.02 0.29
1/13/2001 254.0 40.9 535.1 734.6 391.15 147.45 634.85 394.55 387.75 103.56 -32.39 0.15
4/20/2001 275.4 72.6 561.4 763.7 418.28 174.00 662.55 418.40 418.15 110.75 -32.47 0.01
7/16/2001 255.3 37.7 534.8 740.9 392.18 146.50 637.85 395.05 389.30 103.84 -32.65 0.13
10/9/2001 235.7 7.5 510.6 719.6 368.35 121.60 615.10 373.15 363.55 97.53 -32.80 0.22

1/9/2002 240 18.9 523.3 731 378.30 129.45 627.15 381.65 374.95 100.16 -33.08 0.15
4/12/2002 263.4 58.5 554.8 763 409.93 160.95 658.90 409.10 410.75 108.54 -33.09 -0.04
7/18/2002 255.5 40.1 566.1 754.5 404.05 147.80 660.30 410.80 397.30 106.98 -34.06 0.30
10/8/2002 231.2 3.4 508.7 726.1 367.35 117.30 617.40 369.95 364.75 97.26 -33.24 0.12

1/8/2003 249.4 38.5 540.1 754.4 395.60 143.95 647.25 394.75 396.45 104.74 -33.45 -0.04
4/15/2003 276.4 78.5 571.6 784.9 427.85 177.45 678.25 424.00 431.70 113.28 -33.28 -0.17

7/1/2003 273 69 561.4 779.9 420.83 171.00 670.65 417.20 424.45 111.42 -33.21 -0.16
10/7/2003 246.6 22.5 524.7 744.6 384.60 134.55 634.65 385.65 383.55 101.83 -33.24 0.05

12/31/2003 264.8 58.9 552.8 770.1 411.65 161.85 661.45 408.80 414.50 108.99 -33.20 -0.13
4/13/2004 291.3 97.7 584 803.2 444.05 194.50 693.60 437.65 450.45 117.57 -33.17 -0.29
7/13/2004 275.5 64.3 556.1 781 419.23 169.90 668.55 415.80 422.65 111.00 -33.14 -0.15
10/8/2004 252.8 29.9 527.5 755.8 391.50 141.35 641.65 390.15 392.85 103.66 -33.25 -0.06

1/7/2005 264 50.8 544.5 770.6 407.48 157.40 657.55 404.25 410.70 107.89 -33.24 -0.14
4/8/2005 289.9 90.7 576 802 439.65 190.30 689.00 432.95 446.35 116.41 -33.14 -0.30

7/18/2005 277.8 67.7 556.4 787.1 422.25 172.75 671.75 417.10 427.40 111.80 -33.16 -0.23
8/26/2005 266.7 46.5 539.8 771.9 406.23 156.60 655.85 403.25 409.20 107.56 -33.18 -0.13

10/11/2005 257.2 33.8 526.8 760.8 394.65 145.50 643.80 392.00 397.30 104.49 -33.12 -0.12
1/10/2006 269.3 59.9 551.2 780.4 415.20 164.60 665.80 410.25 420.15 109.93 -33.31 -0.22

4/9/2006 289.9 90 576.3 806.2 440.60 189.95 691.25 433.10 448.10 116.66 -33.32 -0.34
7/19/2006 277.7 63.9 553.8 787.8 420.80 170.80 670.80 415.75 425.85 111.42 -33.23 -0.23

10/18/2006 253.3 27.9 523.7 757.8 390.68 140.60 640.75 388.50 392.85 103.44 -33.24 -0.10
1/18/2007 267.4 54.9 546.5 778.5 411.83 161.15 662.50 406.95 416.70 109.04 -33.32 -0.22
4/19/2007 289 88.7 575.1 806.8 439.90 188.85 690.95 432.05 447.75 116.47 -33.37 -0.35

Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 445.4 53.9 802 298.7 400.00 249.65 550.35 623.70 176.30 105.91 -19.98 10.02
7/15/1999 440.5 34.4 799.5 280.7 388.78 237.45 540.10 620.00 157.55 102.94 -20.11 10.36
8/15/1999 455.6 40.8 837.6 284.6 404.65 248.20 561.10 646.60 162.70 107.14 -20.79 10.84
8/31/1999 452.7 30.7 837.1 274.1 398.65 241.70 555.60 644.90 152.40 105.55 -20.86 11.03
9/15/1999 448.5 21.7 836.8 266.2 393.30 235.10 551.50 642.65 143.95 104.13 -21.03 11.17
9/30/1999 447.0 16.1 838.5 260.8 390.60 231.55 549.65 642.75 138.45 103.42 -21.14 11.30

10/15/1999 446.5 8.8 839.3 255.1 387.43 227.65 547.20 642.90 131.95 102.58 -21.24 11.45
10/31/1999 450.9 11.7 847.9 257.8 392.08 231.30 552.85 649.40 134.75 103.81 -21.37 11.53
11/15/1999 455.9 16.1 856.2 259.8 397.00 236.00 558.00 656.05 137.95 105.11 -21.40 11.61
11/30/1999 456.3 15.5 858.3 259 397.28 235.90 558.65 657.30 137.25 105.19 -21.45 11.65
12/15/1999 461.3 20.5 865.6 261.7 402.28 240.90 563.65 663.45 141.10 106.51 -21.45 11.70
12/31/1999 463.4 22.5 871.6 262.9 405.10 242.95 567.25 667.50 142.70 107.26 -21.55 11.76

3/31/2000 477.8 35.6 903.8 282.7 424.98 256.70 593.25 690.80 159.15 112.52 -22.37 11.91
6/30/2000 469.2 17.4 889.7 267.4 410.93 243.30 578.55 679.45 142.40 108.80 -22.28 12.03
9/30/2000 453.5 -23.5 856.8 240.4 381.80 215.00 548.60 655.15 108.45 101.09 -22.17 12.25
1/13/2001 476.9 5 891.3 257.6 407.70 240.95 574.45 684.10 131.30 107.95 -22.16 12.38
4/20/2001 494.8 40.8 932.8 281.2 437.40 267.80 607.00 713.80 161.00 115.81 -22.54 12.38
7/16/2001 475.7 4.9 900.7 255.9 409.30 240.30 578.30 688.20 130.40 108.37 -22.46 12.50
10/9/2001 459.3 -30.8 870.4 236.8 383.93 214.25 553.60 664.85 103.00 101.65 -22.55 12.59

1/9/2002 468.8 -18.5 883.7 241.5 393.88 225.15 562.60 676.25 111.50 104.29 -22.43 12.65
4/12/2002 492.8 22.5 926.5 270.2 428.00 257.65 598.35 709.65 146.35 113.32 -22.64 12.62
7/18/2002 483.5 3.8 911.9 257.3 414.13 243.65 584.60 697.70 130.55 109.65 -22.66 12.71
10/8/2002 462.7 -35 875.6 233 384.08 213.85 554.30 669.15 99.00 101.69 -22.63 12.77

1/8/2003 485.5 2.5 912.6 253.9 413.63 244.00 583.25 699.05 128.20 109.52 -22.55 12.79
4/15/2003 501.9 612.9 952.7 285.1 588.15 557.40 618.90 727.30 449.00 155.72 -4.09 6.23

7/1/2003 521.6 28.8 943.4 278.1 442.98 275.20 610.75 732.50 153.45 117.29 -22.30 12.97
10/7/2003 472.3 -16.5 903.8 247.5 401.78 227.90 575.65 688.05 115.50 106.38 -23.11 12.83

12/31/2003 495.5 18.6 939.3 268.7 430.53 257.05 604.00 717.40 143.65 113.99 -23.06 12.85
4/13/2004 504.6 68.9 989 299.2 465.43 286.75 644.10 746.80 184.05 123.23 -23.75 12.61
7/13/2004 487.3 36.7 961.8 277.7 440.88 262.00 619.75 724.55 157.20 116.73 -23.78 12.71
10/8/2004 468.9 -0.5 928.8 256.4 413.40 234.20 592.60 698.85 127.95 109.46 -23.82 12.79

1/7/2005 485.2 21.4 952.7 269.7 432.25 253.30 611.20 718.95 145.55 114.45 -23.79 12.85
4/8/2005 512.9 68.8 998.7 302.5 470.73 290.85 650.60 755.80 185.65 124.63 -23.91 12.77

7/18/2005 498.2 40 977.1 286.8 450.53 269.10 631.95 737.65 163.40 119.29 -24.11 12.86
8/26/2005 486.3 17.1 955.5 271.8 432.68 251.70 613.65 720.90 144.45 114.56 -24.05 12.91

10/11/2005 478.8 2.4 942.6 263.6 421.85 240.60 603.10 710.70 133.00 111.69 -24.09 12.94
1/10/2006 497.9 28.2 970.6 280.6 444.33 263.05 625.60 734.25 154.40 117.64 -24.09 12.99

4/9/2006 519.6 65.1 1008.9 306 474.90 292.35 657.45 764.25 185.55 125.74 -24.26 12.96
7/19/2006 505.7 73.4 984.2 290.7 463.50 289.55 637.45 744.95 182.05 122.72 -23.12 12.61

10/18/2006 484 -5.7 946.5 265.8 422.65 239.15 606.15 715.25 130.05 111.91 -24.39 13.11
1/18/2007 503 21.5 974.4 282.5 445.35 262.25 628.45 738.70 152.00 117.92 -24.34 13.14
4/19/2007 525.1 60.9 1012.9 309.1 477.00 293.00 661.00 769.00 185.00 126.30 -24.46 13.08

Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 468.3 92.2 387.7 511.7 364.98 280.25 449.70 428.00 301.95 96.63 -11.26 2.82
7/15/1999 460.1 81 381.5 505.7 357.08 270.55 443.60 420.80 293.35 94.54 -11.50 2.86
8/15/1999 482.3 96.1 410.7 526 378.78 289.20 468.35 446.50 311.05 100.29 -11.91 3.03
8/31/1999 490.3 101.9 422.4 535 387.40 296.10 478.70 456.35 318.45 102.57 -12.14 3.09
9/15/1999 491.0 101.4 426.3 536.4 388.78 296.20 481.35 458.65 318.90 102.94 -12.30 3.13
9/30/1999 497.9 106.7 434.7 543.6 395.73 302.30 489.15 466.30 325.15 104.78 -12.42 3.16

10/15/1999 505.0 112.3 443.2 550.9 402.85 308.65 497.05 474.10 331.60 106.66 -12.52 3.19
10/31/1999 515.6 118.8 452.5 560.9 411.95 317.20 506.70 484.05 339.85 109.07 -12.59 3.23
11/15/1999 525.0 128.3 463.4 570.2 421.73 326.65 516.80 494.20 349.25 111.66 -12.64 3.25
11/30/1999 532.5 134.9 471.5 576.8 428.93 333.70 524.15 502.00 355.85 113.57 -12.66 3.27
12/15/1999 534.1 138.1 476.5 580.2 432.23 336.10 528.35 505.30 359.15 114.44 -12.78 3.27
12/31/1999 540.4 144.3 484.4 587.2 439.08 342.35 535.80 512.40 365.75 116.25 -12.86 3.29

3/31/2000 551.1 156 501.3 602.1 452.63 353.55 551.70 526.20 379.05 119.84 -13.17 3.30
6/30/2000 533.5 137.3 477.6 577.9 431.58 335.40 527.75 505.55 357.60 114.27 -12.78 3.31
9/30/2000 539.6 136.8 480.7 575.1 433.05 338.20 527.90 510.15 355.95 114.66 -12.61 3.45
1/13/2001 571.4 169.7 522.7 611.8 468.90 370.55 567.25 547.05 390.75 124.15 -13.07 3.50
4/20/2001 580.2 184.8 537.9 624.6 481.88 382.50 581.25 559.05 404.70 127.59 -13.21 3.46
7/16/2001 555.8 159.1 508 598.6 455.38 357.45 553.30 531.90 378.85 120.57 -13.02 3.43
10/9/2001 556.2 154.1 506 595.8 453.03 355.15 550.90 531.10 374.95 119.95 -13.01 3.50

1/9/2002 572 170.3 527.3 614.7 471.08 371.15 571.00 549.65 392.50 124.73 -13.28 3.52
4/12/2002 584.6 187.7 546.3 632.8 487.85 386.15 589.55 565.45 410.25 129.17 -13.52 3.48
7/18/2002 559.5 162.1 516.1 606 460.93 360.80 561.05 537.80 384.05 122.04 -13.31 3.44
10/8/2002 557 154.4 511 599.8 455.55 355.70 555.40 534.00 377.10 120.62 -13.27 3.51

1/8/2003 591 189.2 552.8 639 493.00 390.10 595.90 571.90 414.10 130.53 -13.68 3.54
4/15/2003 597.9 204.3 567.5 650.5 505.05 401.10 609.00 582.70 427.40 133.72 -13.82 3.48

7/1/2003 580.7 184.3 545.4 632.5 485.73 382.50 588.95 563.05 408.40 128.61 -13.72 3.46
10/7/2003 578.2 176.3 538 627 479.88 377.25 582.50 558.10 401.65 127.06 -13.64 3.50

12/31/2003 610.3 207.7 572.6 661.6 513.05 409.00 617.10 591.45 434.65 135.84 -13.83 3.51
4/13/2004 617.1 224.2 589.5 675.7 526.63 420.65 632.60 603.30 449.95 139.43 -14.09 3.44
7/13/2004 584 186.6 549.1 642.6 490.58 385.30 595.85 566.55 414.60 129.89 -13.99 3.40
10/8/2004 581.8 181.2 543.7 638.3 486.25 381.50 591.00 562.75 409.75 128.74 -13.92 3.43

1/7/2005 609.9 209 574.8 669.1 515.70 409.45 621.95 592.35 439.05 136.54 -14.12 3.43
4/8/2005 617.5 225 590.2 683.9 529.15 421.25 637.05 603.85 454.45 140.10 -14.34 3.35

7/18/2005 590.4 192.7 554.7 656 498.45 391.55 605.35 572.55 424.35 131.97 -14.21 3.32
8/26/2005 584.4 183.1 544 647.8 489.83 383.75 595.90 564.20 415.45 129.69 -14.10 3.33

10/11/2005 589.3 185.9 548.5 652 493.93 387.60 600.25 568.90 418.95 130.78 -14.13 3.36
1/10/2006 616 216.1 582.8 683.4 524.58 416.05 633.10 599.40 449.75 138.89 -14.42 3.35

4/9/2006 629 235.4 605.8 701.1 542.83 432.20 653.45 617.40 468.25 143.72 -14.70 3.34
7/19/2006 595.8 199 563.1 668.3 506.55 397.40 615.70 579.45 433.65 134.12 -14.51 3.27

10/18/2006 595.6 193 557.4 662.8 502.20 394.30 610.10 576.50 427.90 132.97 -14.34 3.33
1/18/2007 622.2 223.4 590.2 694.6 532.60 422.80 642.40 606.20 459.00 141.02 -14.59 3.30
4/19/2007 624.5 231.7 598.4 701.1 538.93 428.10 649.75 611.45 466.40 142.69 -14.73 3.25

 Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side)(cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 -115.0 299.7 422.9 109.6 179.30 92.35 266.25 153.95 204.65 47.47 -11.56 -1.14
7/15/1999 -122.0 289 405.2 95.6 166.95 83.50 250.40 141.60 192.30 44.20 -11.09 -1.14
8/15/1999 -139.4 265.8 401.5 101.8 157.43 63.20 251.65 131.05 183.80 41.68 -12.52 -1.18
8/31/1999 -144.1 258.4 394.7 99.6 152.15 57.15 247.15 125.30 179.00 40.28 -12.63 -1.20
9/15/1999 -144.1 255.9 395.1 102 152.23 55.90 248.55 125.50 178.95 40.30 -12.80 -1.20
9/30/1999 -141.7 260.4 408.3 112.3 159.83 59.35 260.30 133.30 186.35 42.32 -13.35 -1.19

10/15/1999 -138.1 275.3 441.9 138.4 179.38 68.60 290.15 151.90 206.85 47.49 -14.72 -1.23
10/31/1999 -148.1 272.7 430.1 118.5 168.30 62.30 274.30 141.00 195.60 44.56 -14.09 -1.22
11/15/1999 -142.3 278.9 446.6 134.9 179.53 68.30 290.75 152.15 206.90 47.53 -14.78 -1.23
11/30/1999 -137.9 284.4 462 150.8 189.83 73.25 306.40 162.05 217.60 50.26 -15.49 -1.24
12/15/1999 -135.4 290 463.8 152.5 192.73 77.30 308.15 164.20 221.25 51.03 -15.34 -1.28
12/31/1999 -126.8 301.4 481.4 168.9 206.23 87.30 325.15 177.30 235.15 54.60 -15.81 -1.30

3/31/2000 -133.9 283.1 455.7 149.6 188.63 74.60 302.65 160.90 216.35 49.94 -15.16 -1.24
6/30/2000 -157.3 230.6 397.4 119.3 147.50 36.65 258.35 120.05 174.95 39.05 -14.73 -1.23
9/30/2000 -142.8 237.4 427.4 156.8 169.70 47.30 292.10 142.30 197.10 44.93 -16.27 -1.23
1/13/2001 -118.2 295.4 511.7 182.5 217.85 88.60 347.10 196.75 238.95 57.68 -17.18 -0.95
4/20/2001 -128.9 270.9 454 163.4 189.85 71.00 308.70 162.55 217.15 50.27 -15.80 -1.22
7/16/2001 -146.4 213.9 384.1 133.3 146.23 33.75 258.70 118.85 173.60 38.72 -14.95 -1.23
10/9/2001 -135.7 237.5 439.4 178.3 179.88 50.90 308.85 151.85 207.90 47.63 -17.14 -1.26

1/9/2002 -120.2 281.4 483 190.7 208.73 80.60 336.85 181.40 236.05 55.26 -17.03 -1.22
4/12/2002 -133.2 263.6 441.1 154.2 181.43 65.20 297.65 153.95 208.90 48.04 -15.45 -1.23
7/18/2002 -158.1 191.2 355.6 118 126.68 16.55 236.80 98.75 154.60 33.54 -14.64 -1.25
10/7/2002 -149.2 192.4 391.7 156.3 147.80 21.60 274.00 121.25 174.35 39.13 -16.77 -1.19

1/8/2003 -123.2 268.7 469.3 191.8 201.65 72.75 330.55 173.05 230.25 53.39 -17.13 -1.28
4/15/2003 -137.5 248.4 427.1 157.1 173.78 55.45 292.10 144.80 202.75 46.01 -15.73 -1.30

7/1/2003 -159.7 183.9 351.2 124.6 125.00 12.10 237.90 95.75 154.25 33.10 -15.01 -1.31
10/7/2003 -146.6 206.4 412.6 177.8 162.55 29.90 295.20 133.00 192.10 43.04 -17.63 -1.32

12/31/2003 -135.4 243.4 450.4 190 187.10 54.00 320.20 157.50 216.70 49.54 -17.69 -1.33
4/13/2004 -144.6 228.6 422.1 168 168.53 42.00 295.05 138.75 198.30 44.62 -16.82 -1.33
7/13/2004 -179.1 155.6 334.2 117.5 107.05 -11.75 225.85 77.55 136.55 28.34 -15.79 -1.32
10/8/2004 -169 170.9 373.7 152.9 132.13 0.95 263.30 102.35 161.90 34.98 -17.44 -1.33

1/7/2005 -145.5 227.8 440.5 188.2 177.75 41.15 314.35 147.50 208.00 47.06 -18.16 -1.36
4/8/2005 -159.4 209.2 398.5 148.8 149.28 24.90 273.65 119.55 179.00 39.52 -16.53 -1.33

7/18/2005 -182.8 141.5 330.3 131.3 105.08 -20.65 230.80 73.75 136.40 27.82 -16.71 -1.40
8/26/2005 -184 140.7 341.3 131.3 107.33 -21.65 236.30 78.65 136.00 28.42 -17.14 -1.28

10/11/2005 -174.2 159.1 370.9 131.3 121.78 -7.55 251.10 98.35 145.20 32.24 -17.19 -1.05
1/10/2006 -152.5 216.4 430.7 131.3 156.48 31.95 281.00 139.10 173.85 41.43 -16.55 -0.78

4/9/2006 -157.2 206.1 413 131.3 148.30 24.45 272.15 127.90 168.70 39.27 -16.46 -0.91
7/19/2006 -189.4 135.9 330 131.3 101.95 -26.75 230.65 70.30 133.60 26.99 -17.11 -1.42

10/18/2006 -170.5 170.2 390.6 131.3 130.40 -0.15 260.95 110.05 150.75 34.53 -17.35 -0.91
1/18/2007 -145.4 217.2 448.1 131.3 162.80 35.90 289.70 151.35 174.25 43.10 -16.87 -0.51
4/19/2007 -159.2 203.2 410.4 131.3 146.43 22.00 270.85 125.60 167.25 38.77 -16.54 -0.93

Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft side) 

1

daoping
Text Box
11



Page 2/5
Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 356.2 257 201.2 275.1 272.38 306.60 238.15 278.70 266.05 72.12 4.55 0.28
7/15/1999 353.8 251.6 188.4 273.4 266.80 302.70 230.90 271.10 262.50 70.64 4.77 0.19
8/15/1999 350.0 242.8 195.3 301.1 272.30 296.40 248.20 272.65 271.95 72.10 3.20 0.02
8/31/1999 350.2 247.8 201.7 307.9 276.90 299.00 254.80 275.95 277.85 73.31 2.94 -0.04
9/15/1999 349.8 249.1 203.6 314 279.13 299.45 258.80 276.70 281.55 73.90 2.70 -0.11
9/30/1999 352.2 256.8 212.1 322.7 285.95 304.50 267.40 282.15 289.75 75.71 2.47 -0.17

10/15/1999 352.6 257.7 225.5 337.3 293.28 305.15 281.40 289.05 297.50 77.65 1.58 -0.19
10/31/1999 361.0 268.5 222.6 333.7 296.45 314.75 278.15 291.80 301.10 78.49 2.43 -0.21
11/15/1999 364.5 273.1 237.1 353.6 307.08 318.80 295.35 300.80 313.35 81.30 1.56 -0.28
11/30/1999 367.6 276.3 249.1 369.4 315.60 321.95 309.25 308.35 322.85 83.56 0.84 -0.32
12/15/1999 370.6 280.7 248.5 364.3 316.03 325.65 306.40 309.55 322.50 83.67 1.28 -0.29
12/31/1999 371.2 282.5 254.8 368.8 319.33 326.85 311.80 313.00 325.65 84.55 1.00 -0.28

3/31/2000 376.0 289.2 244.7 361.1 317.75 332.60 302.90 310.35 325.15 84.13 1.97 -0.33
6/30/2000 358.4 247.7 207.4 329.3 285.70 303.05 268.35 282.90 288.50 75.64 2.31 -0.13
9/30/2000 357.6 235.9 230.1 366.4 297.50 296.75 298.25 293.85 301.15 78.77 -0.10 -0.16
1/13/2001 382.0 289.5 264.4 384.8 330.18 335.75 324.60 323.20 337.15 87.42 0.74 -0.31
4/20/2001 382.9 294.9 260.1 378.2 329.03 338.90 319.15 321.50 336.55 87.12 1.31 -0.34
7/16/2001 352.4 249.4 219.2 330.6 287.90 300.90 274.90 285.80 290.00 76.23 1.73 -0.09
10/9/2001 357.7 267.9 262.1 382 317.43 312.80 322.05 309.90 324.95 84.04 -0.61 -0.34

1/9/2002 385.8 301.2 285.1 395.6 341.93 343.50 340.35 335.45 348.40 90.53 0.21 -0.29
4/12/2002 390.9 310.2 263.2 370.1 333.60 350.55 316.65 327.05 340.15 88.33 2.25 -0.29
7/18/2002 346.39 265.03 220.4 323.3 288.78 305.71 271.85 283.39 294.17 76.46 2.25 -0.24
10/7/2002 344.5 265.3 252.4 363.5 306.43 304.90 307.95 298.45 314.40 81.13 -0.20 -0.36

1/8/2003 385.9 308.5 295.9 394.3 346.15 347.20 345.10 340.90 351.40 91.65 0.14 -0.24
4/15/2003 392.4 317.3 275.8 371.1 339.15 354.85 323.45 334.10 344.20 89.80 2.09 -0.23

7/1/2003 360 288.1 238.7 332.8 304.90 324.05 285.75 299.35 310.45 80.73 2.55 -0.25
10/7/2003 357.1 284.5 277.7 372.1 322.85 320.80 324.90 317.40 328.30 85.48 -0.27 -0.24

12/31/2003 387.7 318.7 304.1 392.5 350.75 353.20 348.30 345.90 355.60 92.87 0.33 -0.22
4/13/2004 389.4 324.2 294.9 381.2 347.43 356.80 338.05 342.15 352.70 91.99 1.25 -0.24
7/13/2004 348 285.8 241 324.8 299.90 316.90 282.90 294.50 305.30 79.40 2.26 -0.24
10/8/2004 342.4 281.8 269.4 353.1 311.68 312.10 311.25 305.90 317.45 82.52 0.06 -0.26

1/7/2005 374.1 315.2 302.9 382.8 343.75 344.65 342.85 338.50 349.00 91.01 0.12 -0.24
4/8/2005 386.7 328.9 284.3 365 341.23 357.80 324.65 335.50 346.95 90.35 2.20 -0.26

7/18/2005 343.2 285.5 242.4 322.1 298.30 314.35 282.25 292.80 303.80 78.98 2.13 -0.25
8/26/2005 337 278.7 250.1 331.1 299.23 307.85 290.60 293.55 304.90 79.23 1.15 -0.25

10/11/2005 338.7 283.6 264.1 348.6 308.75 311.15 306.35 301.40 316.10 81.75 0.32 -0.33
1/10/2006 371.5 317.4 297 373.5 339.85 344.45 335.25 334.25 345.45 89.98 0.61 -0.25

4/9/2006 377.4 324.1 290.6 368.2 340.08 350.75 329.40 334.00 346.15 90.04 1.42 -0.27
7/19/2006 341.9 289.2 238.8 315.3 296.30 315.55 277.05 290.35 302.25 78.45 2.56 -0.27

10/18/2006 342.7 289.5 274.8 354.5 315.38 316.10 314.65 308.75 322.00 83.50 0.10 -0.30
1/18/2007 368.4 316.6 305.5 385 343.88 342.50 345.25 336.95 350.80 91.05 -0.18 -0.31
4/19/2007 370.5 320.9 279.2 353.9 331.13 345.70 316.55 324.85 337.40 87.67 1.94 -0.28
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 177.4 380.2 417.6 236.2 302.85 278.80 326.90 297.50 308.20 80.19 -3.20 -0.24
7/15/1999 173.8 378 412.7 230.2 298.68 275.90 321.45 293.25 304.10 79.08 -3.03 -0.24
8/15/1999 172.8 380.2 439.6 252.6 311.30 276.50 346.10 306.20 316.40 82.42 -4.63 -0.23
8/31/1999 172.6 378 445.8 257.5 313.48 275.30 351.65 309.20 317.75 83.00 -5.07 -0.19
9/15/1999 170.9 377.2 447.2 261 314.08 274.05 354.10 309.05 319.10 83.16 -5.32 -0.23
9/30/1999 176.4 380.7 455.9 269.3 320.58 278.55 362.60 316.15 325.00 84.88 -5.59 -0.20

10/15/1999 176.7 378.9 468.1 279.5 325.80 277.80 373.80 322.40 329.20 86.26 -6.38 -0.15
10/31/1999 182.4 385.8 502.1 273.8 336.03 284.10 387.95 342.25 329.80 88.97 -6.90 0.28
11/15/1999 186.8 392.4 482.7 292 338.48 289.60 387.35 334.75 342.20 89.62 -6.50 -0.17
11/30/1999 189.8 396.8 638.9 305.6 382.78 293.30 472.25 414.35 351.20 101.35 -11.89 1.41
12/15/1999 193.5 401.1 516.7 302.2 353.38 297.30 409.45 355.10 351.65 93.56 -7.45 0.08
12/31/1999 194.7 406.1 507.2 308 354.00 300.40 407.60 350.95 357.05 93.73 -7.12 -0.14

3/31/2000 194.8 409 492.7 298.7 348.80 301.90 395.70 343.75 353.85 92.35 -6.23 -0.23
6/30/2000 177.7 389.4 467.2 278.7 328.25 283.55 372.95 322.45 334.05 86.91 -5.94 -0.26
9/30/2000 174.2 385.1 496.7 308 341.00 279.65 402.35 335.45 346.55 90.29 -8.15 -0.25
1/13/2001 200.0 418.2 530.3 318.6 366.78 309.10 424.45 365.15 368.40 97.11 -7.67 -0.07
4/20/2001 194.1 416.2 512.8 310.6 358.43 305.15 411.70 353.45 363.40 94.90 -7.08 -0.22
7/16/2001 166.5 386.2 469 273.8 323.88 276.35 371.40 317.75 330.00 85.75 -6.32 -0.27
10/9/2001 171.5 389.1 514.8 315.2 347.65 280.30 415.00 343.15 352.15 92.05 -8.95 -0.20

1/9/2002 193.6 413.6 539.3 324.6 367.78 303.60 431.95 366.45 369.10 97.38 -8.53 -0.06
4/12/2002 198.8 418.5 509.3 299.2 356.45 308.65 404.25 354.05 358.85 94.38 -6.35 -0.11
7/18/2002 161.4 379.1 462.4 262.6 316.38 270.25 362.50 311.90 320.85 83.77 -6.13 -0.20
10/7/2002 155.8 373.6 686.8 301.1 379.33 264.70 493.95 421.30 337.35 100.43 -15.24 1.88

1/8/2003 193.1 414 547.6 331 371.43 303.55 439.30 370.35 372.50 98.34 -9.02 -0.05
4/15/2003 195.8 419.9 560.6 305.7 370.50 307.85 433.15 378.20 362.80 98.10 -8.33 0.34

7/1/2003 172.1 394.8 479.4 273.9 330.05 283.45 376.65 325.75 334.35 87.39 -6.19 -0.19
10/7/2003 169 389.1 527.1 317.5 350.68 279.05 422.30 348.05 353.30 92.85 -9.52 -0.12

12/31/2003 196.2 423.2 560.3 334.7 378.60 309.70 447.50 378.25 378.95 100.24 -9.16 -0.02
4/13/2004 197.9 424.7 546.1 321.7 372.60 311.30 433.90 372.00 373.20 98.65 -8.15 -0.03
7/13/2004 155.6 383.5 482.7 266.1 321.98 269.55 374.40 319.15 324.80 85.25 -6.97 -0.13
10/8/2004 152.2 378.4 519 298.6 337.05 265.30 408.80 335.60 338.50 89.24 -9.54 -0.06

1/7/2005 180.6 410.6 556.1 324.9 368.05 295.60 440.50 368.35 367.75 97.45 -9.63 0.01
4/8/2005 188.3 419.5 529.1 301 359.48 303.90 415.05 358.70 360.25 95.18 -7.39 -0.03

7/18/2005 150.7 376.8 482.9 262.2 318.15 263.75 372.55 316.80 319.50 84.24 -7.23 -0.06
8/26/2005 144.7 373.1 494.1 275.3 321.80 258.90 384.70 319.40 324.20 85.20 -8.36 -0.11

10/11/2005 146.5 375.2 533.7 291.5 336.73 260.85 412.60 340.10 333.35 89.15 -10.09 0.15
1/10/2006 176 407.1 548.8 313.5 361.35 291.55 431.15 362.40 360.30 95.67 -9.28 0.05

4/9/2006 180.6 412.1 538.7 307.8 359.80 296.35 423.25 359.65 359.95 95.26 -8.43 -0.01
7/19/2006 149.4 377.4 480.1 259.8 316.68 263.40 369.95 314.75 318.60 83.85 -7.08 -0.09

10/18/2006 155.2 382.8 532.6 304.1 343.68 269.00 418.35 343.90 343.45 90.99 -9.93 0.01
1/18/2007 179.5 407.9 563.5 330.9 370.45 293.70 447.20 371.50 369.40 98.08 -10.20 0.05
4/19/2007 182.7 413.5 536 305.6 359.45 298.10 420.80 359.35 359.55 95.17 -8.15 0.00
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 199.5 418.4 473.6 323.8 353.83 308.95 398.70 336.55 371.10 93.68 -5.96 -0.77
7/15/1999 194.3 414.4 461.1 314.4 346.05 304.35 387.75 327.70 364.40 91.62 -5.54 -0.82
8/15/1999 191.0 402.1 488.7 347.5 357.33 296.55 418.10 339.85 374.80 94.61 -8.08 -0.78
8/31/1999 189.5 395.4 496 352.6 358.38 292.45 424.30 342.75 374.00 94.89 -8.76 -0.70
9/15/1999 186.8 391.6 503.6 359.8 360.45 289.20 431.70 345.20 375.70 95.44 -9.47 -0.68
9/30/1999 188.5 396.7 516 369 367.55 292.60 442.50 352.25 382.85 97.32 -9.96 -0.69

10/15/1999 235.3 403 530.4 378.9 386.90 319.15 454.65 382.85 390.95 102.44 -9.01 -0.18
10/31/1999 202.7 418.5 524.2 371.5 379.23 310.60 447.85 363.45 395.00 100.41 -9.12 -0.71
11/15/1999 208.9 426.2 548.2 393.2 394.13 317.55 470.70 378.55 409.70 104.35 -10.18 -0.70
11/30/1999 212.9 429.2 566.6 409.5 404.55 321.05 488.05 389.75 419.35 107.11 -11.10 -0.66
12/15/1999 216.9 433.5 561.4 403.7 403.88 325.20 482.55 389.15 418.60 106.93 -10.46 -0.66
12/31/1999 220.7 443.8 566.6 407.4 409.63 332.25 487.00 393.65 425.60 108.46 -10.28 -0.72

3/31/2000 215.2 438.2 567.9 406.5 406.95 326.70 487.20 391.55 422.35 107.75 -10.67 -0.69
6/30/2000 191.3 415.8 542.4 380.7 382.55 303.55 461.55 366.85 398.25 101.29 -10.50 -0.70
6/30/2000 183.3 409.8 571 409.9 393.50 296.55 490.45 377.15 409.85 104.19 -12.89 -0.73
1/13/2001 215.4 447.2 588.9 421.9 418.35 331.30 505.40 402.15 434.55 110.77 -11.57 -0.73
4/20/2001 210.2 445.1 586.6 415.7 414.40 327.65 501.15 398.40 430.40 109.72 -11.53 -0.72
7/16/2001 171.2 413 554.5 377.7 379.10 292.10 466.10 362.85 395.35 100.37 -11.56 -0.73
10/9/2001 178.5 417.9 596.2 418.8 402.85 298.20 507.50 387.35 418.35 106.66 -13.91 -0.69

1/9/2002 206.2 445.9 606.4 430 422.13 326.05 518.20 406.30 437.95 111.77 -12.77 -0.71
4/12/2002 208.6 449.5 584.1 408.1 412.58 329.05 496.10 396.35 428.80 109.24 -11.10 -0.73
7/18/2002 161.7 410.1 551.9 368.5 373.05 285.90 460.20 356.80 389.30 98.77 -11.58 -0.73
10/7/2002 160.2 405.5 592.3 407.7 391.43 282.85 500.00 376.25 406.60 103.64 -14.43 -0.68

1/8/2003 202 449.1 620.2 437.7 427.25 325.55 528.95 411.10 443.40 113.12 -13.52 -0.72
4/15/2003 205.4 453.6 590 409.8 414.70 329.50 499.90 397.70 431.70 109.80 -11.32 -0.76

7/1/2003 171.9 426.9 559.5 377.3 383.90 299.40 468.40 365.70 402.10 101.65 -11.23 -0.82
10/7/2003 172 424.4 600.8 422.4 404.90 298.20 511.60 386.40 423.40 107.21 -14.18 -0.83

12/31/2003 205.6 461.3 624.2 444.9 434.00 333.45 534.55 414.90 453.10 114.91 -13.36 -0.86
4/13/2004 204.7 463.4 611.5 433.1 428.18 334.05 522.30 408.10 448.25 113.37 -12.51 -0.90
7/13/2004 159.6 424.2 566.4 383.7 383.48 291.90 475.05 363.00 403.95 101.53 -12.17 -0.92
10/8/2004 153 416.8 590.5 409.5 392.45 284.90 500.00 371.75 413.15 103.91 -14.30 -0.93

1/7/2005 192.8 454.9 627.8 446.9 430.60 323.85 537.35 410.30 450.90 114.01 -14.19 -0.91
4/8/2005 205.2 467.5 600.9 425.2 424.70 336.35 513.05 403.05 446.35 112.45 -11.74 -0.97

7/18/2005 154.9 424.1 560.9 385.2 381.28 289.50 473.05 357.90 404.65 100.95 -12.20 -1.05
8/26/2005 168.3 416.1 569.1 391.2 386.18 292.20 480.15 368.70 403.65 102.25 -12.49 -0.78

10/11/2005 152.5 418.5 590.5 413.4 393.73 285.50 501.95 371.50 415.95 104.25 -14.38 -1.00
1/10/2006 190.7 455.4 615 436.7 424.45 323.05 525.85 402.85 446.05 112.38 -13.48 -0.97

4/9/2006 196.7 460.2 612.3 436.6 426.45 328.45 524.45 404.50 448.40 112.91 -13.03 -0.98
7/19/2006 159.7 426.1 562.3 382.1 382.55 292.90 472.20 361.00 404.10 101.29 -11.92 -0.97

10/18/2006 161.9 425.9 600.5 422.5 402.70 293.90 511.50 381.20 424.20 106.62 -14.46 -0.96
1/18/2007 192.2 454.2 638.5 460 436.23 323.20 549.25 415.35 457.10 115.50 -15.02 -0.94
4/19/2007 198.7 462.5 611.3 432 426.13 330.60 521.65 405.00 447.25 112.83 -12.70 -0.95

Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 222.2 -19.9 305.2 560 266.88 101.15 432.60 263.70 270.05 70.66 -22.03 -0.14
7/15/1999 207.8 -36.8 294.3 540.9 251.55 85.50 417.60 251.05 252.05 66.60 -22.07 -0.02
8/15/1999 189.9 -53.4 320.4 546.8 250.93 68.25 433.60 255.15 246.70 66.44 -24.28 0.19
8/31/1999 184.8 -60 330.2 555.2 252.55 62.40 442.70 257.50 247.60 66.87 -25.27 0.22
9/15/1999 185.7 -57.2 336.6 558.2 255.83 64.25 447.40 261.15 250.50 67.73 -25.46 0.24
9/30/1999 187.5 -53.7 349.9 570.1 263.45 66.90 460.00 268.70 258.20 69.75 -26.12 0.24

10/15/1999 195.3 -50.5 375.2 601.5 280.38 72.40 488.35 285.25 275.50 74.23 -27.64 0.22
10/31/1999 197.3 -39.9 370.8 589.7 279.48 78.70 480.25 284.05 274.90 74.00 -26.69 0.20
11/15/1999 202.5 -32.3 385.9 601.1 289.30 85.10 493.50 294.20 284.40 76.60 -27.14 0.22
11/30/1999 206.5 -27.3 398.1 613.9 297.80 89.60 506.00 302.30 293.30 78.85 -27.67 0.20
12/15/1999 216.1 -19.5 401.6 620.9 304.78 98.30 511.25 308.85 300.70 80.70 -27.44 0.18
12/31/1999 223.8 -15 410.7 633.4 313.23 104.40 522.05 317.25 309.20 82.93 -27.76 0.18

3/31/2000 203.5 -16 395.7 633.5 304.18 93.75 514.60 299.60 308.75 80.54 -27.97 -0.20
6/30/2000 149.3 -41 371.2 553.8 258.33 54.15 462.50 260.25 256.40 68.40 -27.14 0.09
6/30/2000 154.3 -22.3 411.5 580.2 280.93 66.00 495.85 282.90 278.95 74.38 -28.57 0.09
1/13/2001 197.9 7.7 446.8 627.1 319.88 102.80 536.95 322.35 317.40 84.69 -28.85 0.11
4/20/2001 167.6 1.3 434.9 589.5 298.33 84.45 512.20 301.25 295.40 78.99 -28.43 0.13
7/16/2001 112.8 -20.6 409.7 555.1 264.25 46.10 482.40 261.25 267.25 69.97 -29.00 -0.13
10/9/2001 136.9 -5.4 451.7 582.7 291.48 65.75 517.20 294.30 288.65 77.17 -30.00 0.13

1/9/2002 176.6 9 461.6 618.2 316.35 92.80 539.90 319.10 313.60 83.76 -29.71 0.12
4/12/2002 158.20 3.40 438 581.00 295.25 80.80 509.70 298.30 292.20 78.17 -28.50 0.14
7/18/2002 86.10 -23.70 405 503.86 242.87 31.20 454.53 245.65 240.08 64.30 -28.13 0.12
10/7/2002 96.1 2.90 445.20 562.80 276.75 49.50 504.00 270.65 282.85 73.28 -30.21 -0.27

1/8/2003 165.9 41.91 480.40 628.48 329.17 103.91 554.44 323.15 335.20 87.16 -29.94 -0.27
4/15/2003 147.5 33.95 455.30 592.01 307.19 90.73 523.65 301.40 312.98 81.33 -28.77 -0.26

7/1/2003 88.2 9.66 424.1 577.30 274.82 48.93 500.70 256.15 293.48 72.76 -30.02 -0.84
10/7/2003 103.5 24.24 466.9 574.34 292.25 63.87 520.62 285.20 299.29 77.38 -30.35 -0.32

12/31/2003 130.5 44.68 481.6 566.95 305.93 87.59 524.27 306.05 305.81 81.00 -29.02 0.01
4/13/2004 118.2 42.08 471.6 585.31 304.30 80.14 528.45 294.90 313.69 80.57 -29.79 -0.42
7/13/2004 49.6 8.40 430.9 548.80 259.43 29.00 489.85 240.25 278.60 68.69 -30.63 -0.86
10/8/2004 54.7 18.19 457.3 588.15 279.59 36.45 522.72 256.00 303.17 74.03 -32.32 -1.06

1/7/2005 108.7 42.65 486.4 597.82 308.89 75.67 542.11 297.55 320.23 81.78 -31.00 -0.51
4/8/2005 91.7 33.99 457.3 601.47 296.12 62.85 529.39 274.50 317.73 78.40 -31.01 -0.97

7/18/2005 28.7 12.91 432.3 605.33 269.81 20.81 518.82 230.50 309.12 71.44 -33.10 -1.76
8/26/2005 31.4 16.85 447.8 588.39 271.11 24.13 518.10 239.60 302.62 71.78 -32.83 -1.41

10/11/2005 43.7 14.58 464.4 588.60 277.82 29.14 526.50 254.05 301.59 73.56 -33.05 -1.06
1/10/2006 96.3 14.58 483.8 588.60 295.82 55.44 536.20 290.05 301.59 78.32 -31.95 -0.26

4/9/1906 87.1 29.40 477 588.60 295.52 58.25 532.80 282.05 309.00 78.25 -31.54 -0.60
7/19/1906 18.4 -2.90 430.9 588.60 258.75 7.75 509.75 224.65 292.85 68.51 -33.36 -1.53

10/18/1906 61.1 14.58 483.2 588.60 286.87 37.84 535.90 272.15 301.59 75.95 -33.10 -0.66
1/18/2007 99.2 14.58 505.9 588.60 302.07 56.89 547.25 302.55 301.59 79.98 -32.59 0.02
4/19/2007 80.5 14.58 477.1 588.60 290.19 47.54 532.85 278.80 301.59 76.83 -32.25 -0.51

Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 903.00 42.30 679.00 - 541.43 472.65 679.00 791.00 42.30 456.92 -73.98 99.88
07/15/99 918.00 48.00 885.00 - 617.00 483.00 885.00 901.50 48.00 520.69 -144.12 113.86
07/31/00 932.43 51.99 887.34 - 623.92 492.21 887.34 909.89 51.99 526.53 -141.66 114.44
08/15/99 940.56 34.46 923.00 - 632.67 487.51 923.00 931.78 34.46 533.91 -156.13 119.70
08/30/99 948.68 31.28 931.09 - 637.02 489.98 931.09 939.89 31.28 537.58 -158.14 121.21
09/15/99 955.75 27.83 938.36 - 640.65 491.79 938.36 947.06 27.83 540.64 -160.10 122.62
09/30/99 959.08 23.03 947.01 - 643.04 491.06 947.01 953.05 23.03 542.66 -163.47 124.06
10/15/99 963.38 18.85 954.86 - 645.70 491.12 954.86 959.12 18.85 544.90 -166.26 125.43
10/31/99 973.25 5.58 968.30 - 649.04 489.42 968.30 970.78 5.58 547.73 -171.69 128.76
11/15/99 973.34 1.26 977.48 - 650.69 487.30 977.48 975.41 1.26 549.12 -175.74 129.95
11/30/99 975.73 -2.84 980.87 - 651.25 486.45 980.87 978.30 -2.84 549.59 -177.26 130.88
12/15/99 974.96 -2.47 982.11 - 651.53 486.25 982.11 978.54 -2.47 549.83 -177.77 130.87
12/31/99 974.03 -54.00 984.71 634.91 460.02 984.71 979.37 -54.00 535.80 -188.11 137.85
03/31/00 964.52 3.86 981.83 - 650.07 484.19 981.83 973.17 3.86 548.59 -178.41 129.31
06/30/00 977.80 -36.92 980.73 - 640.54 470.44 980.73 979.27 -36.92 540.55 -182.94 135.56
09/30/00 1009.20 -10.20 1005.99 - 668.33 499.50 1005.99 1007.60 -10.20 564.01 -181.58 135.77
01/13/01 1014.12 -29.4495 1029.11 - 671.26 492.33 1029.11 1021.61 -29.45 566.48 -192.44 140.21
04/20/01 1008.27 -18.6852 1022.57 - 670.72 494.79 1022.57 1015.42 -18.69 566.02 -189.21 137.95
07/10/01 1030.41 -8.36772 1019.56 - 680.53 511.02 1019.56 1024.98 -8.37 574.30 -182.32 137.85
10/09/01 1054.25 -20.5131 1038.65 - 690.80 516.87 1038.65 1046.45 -20.51 582.96 -187.07 142.33
01/09/02 1055.96 -29.65 1045.80 - 690.70 513.15 1045.80 1050.88 -29.65 582.88 -190.96 144.14
04/12/02 1041.9 -24.8188 1040.36 - 685.81 508.54 1040.36 1041.13 -24.82 578.76 -190.66 142.20
07/19/02 1062.21 -17.26 1035.12 17.14 693.36 522.47 1035.12 1048.67 -17.26 585.12 -183.79 142.20
10/08/02 1086.38 -30.07 1049.75 -6.63 702.02 528.16 1049.75 1068.06 -30.07 592.43 -187.00 146.49
01/08/03 1080.45 -42.89 1062.94 0.41 700.17 518.78 1062.94 1071.70 -42.89 590.87 -195.09 148.69
04/15/03 1059.37 -29.65 1049.86 22.95 693.19 514.86 1049.86 1054.62 -29.65 584.99 -191.81 144.64
06/01/03 1064.93 -31.16 1053.52 21.00 695.77 516.89 1053.52 1059.23 -31.16 587.16 -192.39 145.46
08/07/03 1083.86 -27.66 1053.40 9.26 703.20 528.10 1053.40 1068.63 -27.66 593.43 -188.33 146.25
10/07/03 1095.56 -38.67 1066.64 -0.69 707.84 528.45 1066.64 1081.10 -38.67 597.35 -192.95 149.38
12/31/03 1100.15 -54.88 1082.97 -0.89 709.41 522.64 1082.97 1091.56 -54.88 598.68 -200.89 152.93
04/13/04 1080.17 -43.67 1074.07 21.65 703.52 518.25 1074.07 1077.12 -43.67 593.70 -199.27 149.51
07/13/04 1101.53 -34.89 1072.49 10.76 713.04 533.32 1072.49 1087.01 -34.89 601.74 -193.30 149.66
10/08/04 1122.82 -45.70 1085.57 -8.86 720.90 538.56 1085.57 1104.19 -45.70 608.36 -196.11 153.40
01/07/05 1116.60 -58.49 1097.39 -8.94 718.50 529.06 1097.39 1107.00 -58.49 606.34 -203.76 155.48
04/08/05 1099.01 -52.77 1096.58 5.48 714.28 523.12 1096.58 1097.80 -52.77 602.78 -205.59 153.49
07/18/05 1116.44 -41.55 1096.58 -2.36 723.82 537.44 1096.58 1106.51 -41.55 610.83 -200.46 153.15
08/26/05 1128.14 -43.63 1095.73 -10.20 726.75 542.26 1095.73 1111.93 -43.63 613.30 -198.43 154.15
11/12/05 1127.45 -44.76 1095.72 -9.67 726.14 541.34 1095.72 1111.58 -44.76 612.79 -198.75 154.26
01/10/06 1129.36 -64.30 1095.72 -19.70 720.26 532.53 1095.72 1112.54 -64.30 607.83 -201.91 156.99
04/09/06 1114.90 -55.20 1095.72 -1.14 718.47 529.85 1095.72 1105.31 -55.20 606.32 -202.87 154.81
07/19/06 1130.94 -46.83 1095.72 -9.42 726.61 542.05 1095.72 1113.33 -46.83 613.19 -198.50 154.77
10/18/06 1154.91 -58.29 1095.72 -27.50 730.78 548.31 1095.72 1125.32 -58.29 616.71 -196.26 157.89
01/18/07 1139.55 -68.49 1095.72 -21.73 722.26 535.53 1095.72 1117.64 -68.49 609.52 -200.84 158.23
04/19/07 1125.58 -58.82 1095.72 -8.49 720.83 533.38 1095.72 1110.65 -58.82 608.31 -201.61 156.01
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 575.00 589.00 243.00 - 469.00 582.00 243.00 409.00 589.00 395.79 121.54 -24.01
07/15/99 585.00 602.00 237.00 - 474.67 593.50 237.00 411.00 602.00 400.57 127.81 -25.48
07/30/99 594.35 611.17 230.68 - 478.73 602.76 230.68 412.52 611.17 404.00 133.40 -26.50
08/15/99 596.87 611.09 242.58 336.68 446.81 603.98 289.63 419.73 473.89 377.06 112.70 -7.22
08/31/99 601.58 616.82 241.00 - 486.47 609.20 241.00 421.29 616.82 410.53 132.00 -26.08
09/15/99 605.96 622.42 240.47 - 489.62 614.19 240.47 423.22 622.42 413.19 133.98 -26.57
09/30/99 609.62 624.20 240.71 336.98 452.88 616.91 288.85 425.17 480.59 382.18 117.62 -7.39
10/15/99 612.87 629.40 240.27 336.21 454.69 621.14 288.24 426.57 482.81 383.71 119.35 -7.50
10/31/99 616.45 631.80 243.11 336.29 456.91 624.13 289.70 429.78 484.05 385.59 119.90 -7.24
11/15/99 619.54 632.45 245.83 337.79 458.90 626.00 291.81 432.69 485.12 387.27 119.81 -6.99
11/30/99 623.35 635.58 248.71 340.31 461.99 629.47 294.51 436.03 487.95 389.87 120.09 -6.93
12/15/99 624.21 637.77 247.77 339.95 462.43 630.99 293.86 435.99 488.86 390.24 120.87 -7.05
12/31/99 626.60 640.86 249.37 341.45 464.57 633.73 295.41 437.99 491.16 392.05 121.29 -7.09
03/31/00 634.53 648.30 254.69 346.89 471.10 641.41 300.79 444.61 497.60 397.56 122.12 -7.07
06/30/00 640.05 652.80 250.99 342.06 471.48 646.43 296.53 445.52 497.43 397.88 125.44 -6.93
09/30/00 647.16 661.13 247.62 336.78 473.17 654.14 292.20 447.39 498.96 399.31 129.76 -6.88
01/13/01 654.063 665.1119 256.39 342.22 479.45 659.59 299.31 455.23 503.67 404.61 129.16 -6.46
04/20/01 654.429 664.7057 260.37 345.47 481.25 659.57 302.92 457.40 505.09 406.12 127.86 -6.36
07/10/01 661.456 672.0985 256.15 342.75 483.11 666.78 299.45 458.80 507.43 407.70 131.69 -6.49
10/09/01 668.361 679.0039 251.93 338.20 484.37 673.68 295.06 460.14 508.60 408.76 135.74 -6.46
01/09/02 671.083 683.4721 252.17 337.92 486.16 677.28 295.04 461.63 510.69 410.27 137.04 -6.55
04/12/02 669.17 680.02 256.68 342.06 486.98 674.60 299.37 462.93 511.04 410.96 134.52 -6.42
07/19/02 671.69 683.96 253.27 272.93 470.46 677.83 263.10 462.48 478.44 397.02 148.69 -2.13
10/08/02 678.60 692.21 247.01 332.37 487.54 685.40 289.69 462.80 512.29 411.44 141.87 -6.60
01/08/03 678.44 689.32 251.28 334.22 488.31 683.88 292.75 464.86 511.77 412.09 140.22 -6.26
04/15/03 679.45 692.45 254.73 341.09 491.93 685.95 297.91 467.09 516.77 415.14 139.12 -6.63
06/01/03 678.76 689.85 256.43 341.09 491.53 684.30 298.76 467.60 515.47 414.80 138.22 -6.39
08/07/03 682.33 695.54 251.15 336.74 491.44 688.94 293.95 466.74 516.14 414.73 141.61 -6.59
10/07/03 686.23 700.57 250.14 334.87 492.95 693.40 292.50 468.19 517.72 416.00 143.73 -6.61
12/31/03 689.48 700.61 257.04 341.05 497.05 695.05 299.04 473.26 520.83 419.46 141.97 -6.35
04/13/04 689.24 699.88 260.70 346.65 499.12 694.56 303.68 474.97 523.27 421.21 140.14 -6.44
07/13/04 693.10 667.59 255.46 341.33 489.37 680.34 298.39 474.28 504.46 412.98 136.93 -4.03
10/08/04 699.03 710.89 250.83 337.39 499.53 704.96 294.11 474.93 524.14 421.56 147.30 -6.56
01/07/05 699.07 711.46 253.31 339.95 500.95 705.26 296.63 476.19 525.70 422.75 146.50 -6.61
04/08/05 696.43 708.09 257.94 343.81 501.57 702.26 300.87 477.18 525.95 423.27 143.90 -6.51
07/18/05 699.56 708.33 253.71 338.36 499.99 703.94 296.04 476.64 523.35 421.94 146.24 -6.23
08/26/05 702.04 711.17 250.91 335.97 500.02 706.61 293.44 476.47 523.57 421.97 148.13 -6.28
11/12/05 701.95 699.60 251.68 337.06 497.57 700.78 294.37 476.82 518.33 419.90 145.70 -5.54
01/10/06 705.16 715.03 253.47 339.58 503.31 710.10 296.53 479.32 527.31 424.75 148.27 -6.40
04/09/06 703.94 713.04 259.52 343.20 504.93 708.49 301.36 481.73 528.12 426.11 145.96 -6.19
07/19/06 708.37 716.01 256.84 339.95 505.29 712.19 298.39 482.61 527.98 426.42 148.35 -6.05
10/18/06 713.29 721.25 251.76 334.02 505.08 717.27 292.89 482.52 527.63 426.24 152.14 -6.02
01/18/07 712.84 717.96 256.52 336.54 505.96 715.40 296.53 484.68 527.25 426.98 150.17 -5.68
04/19/07 711.13 716.21 260.62 340.56 507.13 713.67 300.59 485.88 528.38 427.97 148.10 -5.67
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 546.00 501.00 248.00 173 367.00 523.50 210.50 397.00 337.00 309.71 112.21 8.00
07/15/99 557.00 513.00 243.00 229 385.50 535.00 236.00 400.00 371.00 325.32 107.20 3.87
07/30/99 565.55 519.94 239.54 224.26 387.32 542.75 231.90 402.55 372.10 326.86 111.44 4.06
08/15/99 567.71 520.14 230.56 232.51 387.73 543.93 231.54 399.14 376.33 327.21 112.00 3.04
08/31/99 573.72 526.52 247.46 232.87 395.14 550.12 240.17 410.59 379.70 333.46 111.12 4.12
09/15/99 578.06 532.08 246.65 233.61 397.60 555.07 240.13 412.36 382.85 335.53 112.91 3.94
09/30/99 582.49 534.97 247.46 234.05 399.74 558.73 240.76 414.98 384.51 337.34 114.00 4.06
10/15/99 586.68 538.17 247.25 235.23 401.83 562.43 241.24 416.97 386.70 339.11 115.15 4.04
10/31/99 590.77 539.40 249.37 235.6 403.79 565.09 242.49 420.07 387.50 340.75 115.66 4.34
11/15/99 592.65 540.65 251.68 237.47 405.61 566.65 244.58 422.17 389.06 342.30 115.47 4.42
11/30/99 596.63 527.25 254.12 239.69 404.42 561.94 246.91 425.38 383.47 341.29 112.94 5.59
12/15/99 599.47 545.53 254.12 239.05 409.54 572.50 246.59 426.80 392.29 345.61 116.84 4.60
12/31/99 601.54 548.45 255.38 239.17 411.14 575.00 247.28 428.46 393.81 346.96 117.49 4.62
03/31/00 610.32 554.87 262.08 243.60 417.72 582.59 252.84 436.20 399.23 352.51 118.22 4.93
06/30/00 616.94 539.60 260.98 238.93 414.11 578.27 249.96 438.96 389.26 349.47 117.70 6.63
09/30/00 625.63 400.76 255.58 232.18 378.54 513.19 243.88 440.61 316.47 319.45 96.55 16.56
01/13/01 632.372 566.6896 264.44 235.84 424.83 599.53 250.14 448.40 401.26 358.52 125.26 6.29
04/20/01 632.575 561.5309 268.38 236.21 424.67 597.05 252.29 450.48 398.87 358.38 123.60 6.88
07/10/01 639.684 569.2893 264.64 234.54 427.04 604.49 249.59 452.16 401.91 360.38 127.23 6.70
10/09/01 646.508 576.5197 259.81 232.14 428.74 611.51 245.97 453.16 404.33 361.82 131.05 6.51
01/09/02 650.895 576.8446 259.68 230.92 429.59 613.87 245.30 455.29 403.88 362.53 132.14 6.86
04/12/02 650.123 570.1017 264.192 232.55 429.24 610.11 248.37 457.16 401.33 362.24 129.69 7.45
07/19/02 653.45 572.46 260.90 226.38 428.30 612.96 243.64 457.18 399.42 361.44 132.40 7.71
10/08/02 659.69 581.14 254.65 222.68 429.54 620.41 238.66 457.17 401.91 362.49 136.86 7.37
01/08/03 657.76 576.89 257.57 224.47 429.17 617.32 241.02 457.67 400.68 362.18 134.91 7.60
04/15/03 661.78 576.19 262.16 228.04 432.04 618.99 245.10 461.97 402.12 364.60 134.04 7.98
06/01/03 661.37 572.66 264.07 227.59 431.43 617.02 245.83 462.72 400.13 364.08 133.07 8.35
08/07/03 665.76 577.29 258.18 222.76 431.00 621.53 240.47 461.97 400.03 363.72 136.61 8.26
10/07/03 669.26 582.73 256.11 222.56 432.66 625.99 239.33 462.68 402.65 365.13 138.62 8.01
12/31/03 670.27 581.39 262.53 229.62 435.95 625.83 246.08 466.40 405.51 367.90 136.15 8.12
04/13/04 669.42 576.64 266.47 232.35 436.22 623.03 249.41 467.94 404.49 368.12 133.95 8.46
07/13/04 672.95 578.63 261.80 224.79 434.54 625.79 243.29 467.37 401.71 366.71 137.13 8.76
10/08/04 677.95 587.12 255.42 222.31 435.70 632.53 238.87 466.68 404.72 367.69 141.14 8.27
01/07/05 677.50 586.02 257.61 226.05 436.80 631.76 241.83 467.56 406.04 368.61 139.80 8.21
04/08/05 674.17 580.83 263.14 227.80 436.48 627.50 245.47 468.65 404.31 368.35 136.96 8.58
07/18/05 677.87 580.70 259.40 221.74 434.93 629.29 240.57 468.63 401.22 367.04 139.36 8.99
08/26/05 679.25 583.30 256.27 219.43 434.56 631.28 237.85 467.76 401.37 366.73 141.05 8.86
11/12/05 679.13 583.14 256.88 220.08 434.81 631.13 238.48 468.00 401.61 366.93 140.77 8.86
01/10/06 679.45 587.32 257.33 223.00 436.78 633.39 240.17 468.39 405.16 368.60 140.97 8.43
04/09/06 679.57 583.14 263.01 226.46 438.05 631.36 244.74 471.29 404.80 369.67 138.61 8.87
07/19/06 683.27 585.78 260.94 222.31 438.08 634.53 241.63 472.11 404.05 369.69 140.86 9.08
10/18/06 687.01 592.40 255.09 218.66 438.29 639.70 236.88 471.05 405.53 369.87 144.42 8.74
01/18/07 685.10 588.58 259.16 221.83 438.67 636.84 240.49 472.13 405.20 370.19 142.10 8.93
04/19/07 685.18 584.40 264.40 222.96 439.23 634.79 243.68 474.79 403.68 370.67 140.22 9.49
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 566.97 586.00 298.00 228.9 419.97 576.49 263.45 432.49 407.45 354.41 112.23 3.34
07/15/99 580.00 597.00 294.00 224 423.75 588.50 259.00 437.00 410.50 357.60 118.13 3.54
07/30/99 588.71 606.46 291.38 218.62 426.29 597.59 255.00 440.05 412.54 359.75 122.82 3.67
08/15/99 591.02 607.35 300.95 227.92 431.81 599.19 264.44 445.99 417.64 364.40 120.01 3.78
08/31/99 595.94 613.52 300.59 229.63 434.92 604.73 265.11 448.27 421.58 367.03 121.76 3.56
09/15/99 599.88 617.91 300.67 229.54 437.00 608.90 265.11 450.28 423.73 368.78 123.25 3.54
09/30/99 603.53 621.65 302.70 229.75 439.41 612.59 266.23 453.12 425.70 370.82 124.18 3.66
10/15/99 607.51 625.02 302.29 229.71 441.13 616.27 266.00 454.90 427.37 372.27 125.57 3.67
10/31/99 611.37 627.25 306.07 229.7 443.60 619.31 267.89 458.72 428.48 374.35 125.99 4.03
11/15/99 613.61 627.78 308.31 232.67 445.59 620.70 270.49 460.96 430.23 376.04 125.55 4.10
11/30/99 616.29 630.54 313.83 234.7 448.84 623.42 274.27 465.06 432.62 378.78 125.17 4.33
12/15/99 617.83 631.44 314.03 234.9 449.55 624.64 274.47 465.93 433.17 379.38 125.54 4.37
12/31/99 619.94 634.20 314.36 236.45 451.24 627.07 275.41 467.15 435.33 380.80 126.08 4.25
03/31/00 629.45 639.44 320.33 239.74 457.24 634.44 280.03 474.89 439.59 385.86 127.06 4.71
06/30/00 636.15 643.50 317.81 51.91 412.34 639.83 184.86 476.98 347.71 347.98 163.11 17.25
09/30/00 646.59 651.99 312.33 231.29 460.55 649.29 271.81 479.46 441.64 388.66 135.33 5.04
01/13/01 653.454 657.0691 320.21 236.77 466.88 655.26 278.49 486.83 446.92 394.00 135.08 5.32
04/20/01 651.464 653.2102 324.03 237.42 466.53 652.34 280.72 487.74 445.32 393.71 133.23 5.66
07/10/01 658.856 661.1717 320.61 235.03 468.92 660.01 277.82 489.74 448.10 395.72 137.02 5.55
10/09/01 667.346 669.2551 315.37 230.97 470.74 668.30 273.17 491.36 450.11 397.25 141.66 5.50
01/09/02 670.88 671.7736 315.66 229.71 472.00 671.33 272.68 493.27 450.74 398.32 142.92 5.67
04/12/02 667.71 665.64 321.06 231.62 471.51 666.68 276.34 494.39 448.63 397.90 139.94 6.10
07/19/02 673.44 667.87 319.88 227.72 472.23 670.66 273.80 496.66 447.79 398.51 142.28 6.52
10/08/02 681.93 676.18 313.24 222.91 473.56 679.05 268.07 497.58 449.54 399.64 147.34 6.41
01/08/03 682.42 673.60 316.88 225.03 474.48 678.01 270.96 499.65 449.32 400.42 145.93 6.71
04/15/03 686.11 672.95 321.26 228.37 477.17 679.53 274.81 503.69 450.66 402.69 145.10 7.07
06/01/03 685.30 670.80 322.48 227.84 476.60 678.05 275.16 503.89 449.32 402.21 144.44 7.28
08/07/03 689.12 675.35 317.28 223.09 476.21 682.23 270.18 503.20 449.22 401.87 147.72 7.20
10/07/03 694.48 681.03 314.64 222.27 478.11 687.76 268.46 504.56 451.65 403.47 150.32 7.06
12/31/03 695.94 680.95 322.73 229.34 482.24 688.45 276.03 509.33 455.15 406.96 147.86 7.23
04/13/04 695.62 676.77 330.77 231.41 483.64 686.19 281.09 513.19 454.09 408.15 145.23 7.88
07/13/04 700.37 679.61 327.88 224.22 483.02 689.99 276.05 514.13 451.92 407.62 148.40 8.30
10/08/04 706.18 688.67 321.87 221.22 484.48 697.43 271.54 514.03 454.94 408.86 152.68 7.88
01/07/05 705.37 688.14 324.72 224.55 485.69 696.75 274.63 515.04 456.35 409.88 151.34 7.83
04/08/05 702.85 682.86 329.75 226.66 485.53 692.86 278.21 516.30 454.76 409.74 148.66 8.21
07/18/05 706.50 683.55 327.15 219.55 484.19 695.03 273.35 516.83 451.55 408.61 151.18 8.71
08/26/05 708.05 686.48 322.81 217.89 483.80 697.26 270.35 515.43 452.18 408.28 153.05 8.44
11/12/05 707.97 686.27 323.74 218.33 484.08 697.12 271.04 515.85 452.30 408.51 152.76 8.48
01/10/06 710.04 690.54 324.68 221.62 486.72 700.29 273.15 517.36 456.08 410.74 153.13 8.17
04/09/06 709.47 686.72 329.75 224.34 487.57 698.10 277.05 519.61 455.53 411.46 150.95 8.55
07/19/06 714.26 690.38 328.09 220.57 488.32 702.32 274.33 521.17 455.47 412.10 153.44 8.76
10/18/06 718.93 696.80 321.91 216.75 488.60 707.86 269.33 520.42 456.77 412.33 157.22 8.49
01/18/07 717.19 692.98 326.63 219.88 489.17 705.08 273.25 521.91 456.43 412.81 154.82 8.73
04/19/07 716.98 689.52 331.50 221.54 489.89 703.25 276.52 524.24 455.53 413.42 152.99 9.17

Table 4 Pile Forces and Bending Moments (cont'd)

19

daoping
Text Box
19



Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 271.75 436.00 261.00 583.00 387.94 353.88 422.00 266.38 509.50 327.38 -24.42 -32.43
07/15/99 279.00 617.00 253.00 583.00 433.00 448.00 418.00 266.00 600.00 365.41 10.76 -44.56
07/30/99 282.79 647.00 243.64 585.13 439.64 464.90 414.39 263.22 616.07 371.01 18.11 -47.07
08/15/99 272.89 690.09 251.16 614.66 457.20 481.49 432.91 262.03 652.38 385.83 17.42 -52.07
08/31/99 265.66 576.80 245.14 627.09 428.67 421.23 436.12 255.40 601.95 361.76 -5.34 -46.23
09/15/99 265.08 802.81 242.34 635.26 486.37 533.95 438.80 253.71 719.04 410.45 34.11 -62.07
09/30/99 260.50 807.40 238.64 642.65 487.30 533.95 440.65 249.57 725.03 411.23 33.45 -63.43
10/15/99 256.43 811.14 234.46 648.58 487.65 533.79 441.52 245.45 729.86 411.53 33.08 -64.62
10/31/99 240.47 824.02 221.62 665.31 487.86 532.25 443.47 231.05 744.67 411.70 31.83 -68.52
11/15/99 241.93 831.45 224.75 676.77 493.73 536.69 450.76 233.34 754.11 416.65 30.81 -69.47
11/31/99 240.47 835.88 224.26 648.85 487.37 538.18 436.56 232.37 742.37 411.29 36.43 -68.03
12/15/99 241.41 836.77 222.35 684.04 496.14 539.09 453.20 231.88 760.41 418.69 30.79 -70.51
12/31/99 242.22 836.08 224.14 684.93 496.84 539.15 454.54 233.18 760.51 419.29 30.34 -70.35
03/31/00 257.37 828.85 237.38 675.92 499.88 543.11 456.65 247.38 752.38 421.85 31.00 -67.37
06/30/00 266.43 846.32 225.20 500.93 459.72 556.37 363.06 245.81 673.62 387.96 69.30 -57.07
09/30/00 257.37 895.02 196.89 705.00 513.57 576.19 450.94 227.13 800.01 433.40 44.90 -76.42
01/13/01 247.90 856.11 197.37 729.58 507.74 552.01 463.47 222.64 792.84 428.48 31.74 -76.07
04/20/01 44.66 883.01 212.28 457.21 399.29 463.83 334.74 128.47 670.11 336.96 46.28 -72.25
07/10/01 -279.94 502.86 204.24 66.21 123.34 111.46 135.22 -37.85 284.53 104.09 -8.52 -43.01
10/09/01 442.16 725.37 50.98 1199.89 604.60 583.76 625.44 246.57 962.63 510.22 -14.94 -95.52
01/09/02 263.63 616.73 159.27 765.05 451.17 440.18 462.16 211.45 690.89 380.74 -7.88 -63.96
04/12/02 67.35 579.97 58.13 501.01 301.61 323.66 279.57 62.74 540.49 254.53 15.81 -63.73
07/19/02 288.69 941.04 187.83 727.59 536.29 614.86 457.71 238.26 834.31 452.57 56.34 -79.51
10/08/02 277.15 962.54 162.58 740.98 535.81 619.84 451.78 219.86 851.76 452.17 60.25 -84.29
01/08/03 256.07 949.53 162.24 758.66 531.62 602.80 460.45 209.15 854.10 448.64 51.04 -86.04
04/15/03 277.19 928.37 189.53 744.52 534.90 602.78 467.03 233.36 836.45 451.41 48.67 -80.45
06/01/03 277.96 939.01 184.90 749.68 537.89 608.49 467.29 231.43 844.35 453.93 50.62 -81.76
08/07/03 288.69 965.09 171.66 750.09 543.88 626.89 460.87 230.17 857.59 458.98 59.52 -83.70
10/07/03 274.96 978.21 155.53 762.84 542.89 626.58 459.19 215.25 870.53 458.14 60.01 -87.41
12/31/03 258.26 983.57 156.83 795.22 548.47 620.92 476.03 207.55 889.40 462.86 51.95 -90.96
04/13/04 281.17 960.30 188.88 781.65 553.00 620.73 485.27 235.03 870.97 466.68 48.57 -84.84
07/13/04 302.86 991.98 173.93 772.27 560.26 647.42 473.10 238.40 882.12 472.80 62.50 -85.87
10/08/04 295.63 1004.49 151.19 786.40 559.43 650.06 468.80 223.41 895.45 472.10 64.99 -89.65
01/07/05 277.35 997.91 148.79 798.02 555.52 637.63 473.41 213.07 897.97 468.80 58.88 -91.36
04/08/05 286.74 978.21 166.99 788.76 555.17 632.47 477.87 226.86 883.49 468.51 55.43 -87.59
07/18/05 304.00 1000.02 160.94 783.60 562.14 652.01 472.27 232.47 891.81 474.39 64.44 -87.96
08/26/05 301.85 1018.4 147.73 791.81 564.94 660.12 469.77 224.79 905.09 476.76 68.24 -90.75
11/12/05 300.51 1018.3 147.82 793.35 564.99 659.40 470.58 224.16 905.83 476.80 67.70 -90.93
01/10/06 274.59 1009.41 138.15 808.34 557.62 642.00 473.24 206.37 908.87 470.58 60.50 -93.71
04/09/06 283.04 986.09 160.45 798.02 556.90 634.57 479.23 221.74 892.06 469.97 55.69 -89.42
07/19/06 295.67 1009.41 149.73 796.56 562.84 652.54 473.14 222.70 902.98 474.98 64.32 -90.75
10/18/06 284.79 1030.77 131.20 808.38 563.79 657.78 469.79 207.99 919.58 475.78 67.40 -94.92
01/18/07 270.29 1012.82 134.82 813.33 557.81 641.55 474.08 202.55 913.08 470.74 60.04 -94.78
04/19/07 282.35 996.04 153.99 805.37 559.44 639.20 479.68 218.17 900.71 472.11 57.19 -91.05

34

Table 4 Pile Forces and Bending Moments (cont'd)
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Fig.4 Location and designation of the strain gages in shaft # 9.
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Fig. 6  Location of inclinometers in the drilled shaft cap
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Fig. 7  Anchor load vs. date
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Fig. 8  Tie Beam Axial Force from Gages On Drilled Shaft Side
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Fig. 9  Tie Beam Axial Force from Gages On Pile Cap Side
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Fig. 10  Avg. Force of all Instrumented tie beams for Pile Cap and Drilled Shaft Sides
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Fig. 11  Tie Beam Major Bending Moment from Gages On Pile Cape Side
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Fig. 12 Tie Beam Major Bending Moment from Gages On Pile Cap Side
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Fig. 13 Tie Beam Avg. Major Bending Moment From Gages for Pile Cap and Drilled Shaft Sides
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Fig. 14  Axial Force Vs. Date in Driven Piles #1, #17, #18, #19 and #34
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Fig. 15 Major Bending Moment Vs. Date in Driven Pile #1, #17, #18, #19, and #34

-400

-300

-200

-100

0

100

200

12/31/98 12/31/99 12/30/00 12/30/01 12/30/02 12/30/03 12/29/04 12/29/05 12/29/06 12/29/07
Date

B
en

di
ng

 m
om

en
t, 

ki
p-

ft Pile #1
Pile #17
Pile #18
Pile #19
Pile #34

#1

#34

#18

#19
#17

daoping
Text Box
35



Fig. 16 Shaft #9, Bending moment vs. date in different elevations below the top of cap
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 Fig. 17 Shaft #1, Bending moment vs. date in different elevations below the top of cap
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Construction was completed
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Fig. 20 Inclinometer #1 Displacement in the A+ Direction
Downslope (River direction) Base Line 12/11/1998
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Fig. 21 Inclinometer #3 Displacement in the A+ Direction
Downslope (River direction) Base Line 12/11/1998
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Fig. 22 Inclinometer #8 Displacement in the A+ Direction
Downslope (River direction) Base Line 12/11/1998
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Fig. 23  Inclinometer #9A Displacement in the A+ Direction
Downslope (River direction) Base Line 12/11/1998

Incremental

0

15

30

45

60

75

90

105

120

135

150
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

Displacement (in.)

D
ep

th
 (f

t)

3/6/1999

7/18/2005

1/10/2006

7/19/2006
10/18/2006

1/18/2007

4/19/2007

Cumulative

0

15

30

45

60

75

90

105

120

135

150
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Displacement (in.)

3/6/1999
7/18/2005
1/10/2006
7/19/2006
10/18/2006
1/18/2007
4/19/2007

daoping
Text Box
43



Cumulative

0

15

30

45

60

75

90

105

120

135

150
-0.5 -0.25 0 0.25 0.5 0.75 1

Displacement (in.)

3/25/1999

7/18/2005

1/10/2006

7/19/2006

10/18/2006

1/18/2007

4/19/2007

Fig. 24 Inclinometer #10 Displacement in the A+ Direction
Downslope (River direction) Base Line 12/11/1998
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Fig. 25 Inclinometer #17 Displacement in the A+ Direction
Downslope (River direction) Base Line 12/11/1998
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I. Introduction 
 
This is an Annual Report on the monitoring results of the stabilization structures at the 

CUY-90-15.24 west end slope for the period between 5/14/2008 and 4/24//2009. The 

strain gages and slope inclinometers (SI) previously installed in the stabilization 

structures between 1997 and 1999 have been monitored continuously. Since the 

beginning of the monitoring, quarterly reports and annual reports have been submitted to 

document the monitoring results.  For the purpose of completeness and for a better 

perspective, the presentation of the monitored and deduced data in this report covers the 

period from the beginning of monitoring to the last reading taken in April 2009. 

However, the plots of the inclinometer readings were reduced to only cover the readings 

over the last year.  

 

The plane view of the general layout of the stabilization structures is shown in Fig. 1. A 

total of five tie-beams (#1, #12, #13, #14, and #26) were instrumented with strain gages 

at both ends of the beams, as shown in Fig. 2. The gage numbering system is indicated in 

Fig. 2 as well. A total of five driven piles (#1, #17, #18, #19, and #34) were each 

instrumented with four strain gages near the top of the pile, as shown in Fig. 3. Rock 

anchors #1, #8, #9, and #17 were each instrumented with a load cell at the anchor head. 

Finally, drilled shafts #1 and #9 were instrumented with sister-bar type of strain gages. 

The locations of these strain gages along the length of the drilled shafts and the gage 

designation numbers are presented in Fig. 4 and Fig. 5 for shaft #1 and shaft #9, 

respectively. Furthermore, drilled shafts #1, #3, #8, #9, #10, and #17, shown in Fig. 6, 

were each embedded with slope inclinometer casings for monitoring shafts deflections. 



  

 

  
2

 

II. Monitoring Results 
 

II.1 Rock Anchors: 
 
The recorded numerical values of load cells at the anchor heads are summarized in Table 

1. Also, the load versus time plot for each anchor is shown in Fig. 7.  The measured 

anchor head loads decreased continuously.  However, the rate of decrease was very small.  

  

II.2 Tie-Beams: 
 
The strain readings from the gages in the tie-beams have been converted into axial forces 

and bending moments at the locations near the driven pile cap side and near the drilled 

shaft cap side, and they are summarized in Table 2 and Table 3, respectively. The plots of 

the axial force versus time for the five monitored tie-beams are presented in Fig. 8 and 

Fig. 9 for the drilled shaft cap side and the driven pile cap side, respectively.  The average 

axial forces of all five monitored tie-beams on the pile cap side and the drilled shaft cap 

side are plotted in Fig. 10. The axial forces appeared to remain at the same level as those 

measured during last year, but with some oscillations. 

 

The major bending moments for each of the five monitored tie-beams are shown in Fig. 

11 and Fig. 12 for the pile cap side and drilled shaft cap side, respectively. The average 

bending moments for all five monitored tie-beams for the drilled shaft side and the pile 

cap side are shown in Fig. 13. These average bending moments on the two ends of the 

tie-beams appeared to remain at the same level as those measured during last year. 
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II.3 Driven Piles: 
 
The strain readings from the strain gages on the driven piles have been converted into the 

bending moments and axial forces for each of the five monitored driven piles and are 

summarized in Table 4.  The axial forces versus time and the major bending moments 

versus time are plotted in Fig. 14 and Fig. 15, respectively. Within the past year, the 

change of these readings on driven piles was very small. 

 

II.4 Drilled Shafts: 
 
The bending moments in the drilled shaft #9 at different elevations are shown in Fig. 16. 

The largest moment was recorded at the depth of 95 ft below the cap top. Over the past 

year, there was continued increase in the bending moment at that location. However, the 

rate of change was very small. The bending moments in the drilled shaft #1 at different 

elevations are shown in Fig. 17. Please note that the bending moments shown in Fig. 17 

are smaller than those shown in Fig. 16, due to the fact that the moments measured in 

shaft #9 (Fig. 16) are in the major bending direction, while the moments measured in 

shaft #1 are not in the major bending direction. 

  

The distribution of bending moments along the depth of the drilled shafts is depicted in 

Fig. 18 and Fig. 19 for shaft #9 and shaft #1, respectively. Again, keep in mind that the 

moment direction in shaft #1 and shaft #9 is different, as noted previously in Fig. 6. 
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II.5 Slope Inclinometer reading: 
 
Four separate inclinometer readings were taken over the last year for all six slope 

inclinometer casings embedded in the drilled shafts. The incremental and cumulative 

deflection plots in the A-direction (toward river direction) are presented in Figs. 20 to 25. 

For visual clarity, the number of curves shown in the plots was reduced to cover just the 

last year. There was no significant drilled shaft movement observed during this 

monitoring period. 

 

III. Concluding Remark 
 
Based on examinations of the monitored data collected over the last year, the stabilization 

structures in the slope seemed to experience fairly small changes.  There was no observed 

sudden big jump in the monitoring data. However, with impending scheduled 

rehabilitation work on the bridge, it is recommended that continuing monitoring of these 

slope stabilization structures, the ground movements, and the behavior of the 

superstructures be carried out as originally planned.  



Anchor # 1 Anchor # 8 Anchor # 9 Anchor # 17

Load, kips Load, kips Load, kips Load, kips
4/7/1999 560
4/8/1999 489 499

4/14/1999 460 473 596 (Lock off) 461
5/7/1999 452 473 572 445 End of construction
7/1/1999 446 468 564 439
10/1/1999 441 467 560 440
1/1/2000 439 461 555 424
4/1/2000 432 453 546 414
7/1/2000 431 451 521 415
10/1/2000 431 451 519 416
1/1/2001 430 455 517 400
4/1/2001 421 443 513 397
7/1/2001 422 443 510 399
10/1/2001 425 445 512 403
1/1/2002 424 444 511 398
4/1/2002 421 440 508 386
7/1/2002 419 439 506 391
10/1/2002 423 442 508 396
1/1/2003 423 435 508 389
4/15/2003 416 427 501 380
8/7/2003 416 428 503 384
10/7/2003 418 429 504 387

12/31/2003 417 426 503 378
4/13/2004 408 418 494 370
7/13/2004 409 419 494 374
10/8/2004 411 422 496 377
1/7/2005 411 421 495 374
4/8/2005 407 414 485 366
7/18/2005 407 415 485 370

11/12/2005 410 419 489 374
1/10/2006 409 417 487 369
4/9/2006 399 411 487 365
7/19/2006 399 412 487 368

10/18/2006 407.3 414.8 489.6 371.7
1/18/2007 405 412 487 366
4/19/2007 401 406 501 361
7/9/2007 401 408 502 365

10/20/2007 404 411 506 369
1/7/2008 403 410 504 364
5/13/2008 397 403 497 359
7/29/2008 398 403 500 363

10/30/2008 401 407 502 366
1/12/2009 401 407 502 363
4/24/2009 393 400 494 357

Date Comment

Anchor Lock off

Table 1 Numerical reading of anchor load as a function of time for anchors #1, #8, #9 and #17
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 -47.1 68.5 551.7 681.8 313.73 10.70 616.75 252.30 375.15 83.06 -40.28 -2.75
7/15/1999 -70.1 53.8 538.8 666.8 297.33 -8.15 602.80 234.35 360.30 78.72 -40.60 -2.82
8/15/1999 10.7 114.3 613.7 728.1 366.70 62.50 670.90 312.20 421.20 97.09 -40.43 -2.44
8/31/1999 12.0 114.3 617.3 732.8 369.10 63.15 675.05 314.65 423.55 97.73 -40.67 -2.44
9/15/1999 13.1 113.5 619.7 737.5 370.95 63.30 678.60 316.40 425.50 98.22 -40.89 -2.44
9/30/1999 29.6 122.3 634.4 753.4 384.93 75.95 693.90 332.00 437.85 101.92 -41.07 -2.37

10/15/1999 34.7 123.9 637.8 757.9 388.58 79.30 697.85 336.25 440.90 102.88 -41.11 -2.34
10/31/1999 39.8 127.2 646.6 762 393.90 83.50 704.30 343.20 444.60 104.29 -41.26 -2.27
11/15/1999 62.3 139.3 662.9 780.1 411.15 100.80 721.50 362.60 459.70 108.86 -41.25 -2.18
11/30/1999 73.7 146.3 670.6 788.6 419.80 110.00 729.60 372.15 467.45 111.15 -41.18 -2.13
12/15/1999 72.8 143.6 668.9 789.7 418.75 108.20 729.30 370.85 466.65 110.87 -41.28 -2.15
12/31/1999 88.8 152.1 680.1 802.5 430.88 120.45 741.30 384.45 477.30 114.08 -41.26 -2.08

3/31/2000 95.3 158.7 682.5 825.2 440.43 127.00 753.85 388.90 491.95 116.61 -41.66 -2.31
6/30/2000 60.2 138.2 662.7 804.5 416.40 99.20 733.60 361.45 471.35 110.25 -42.16 -2.46
9/30/2000 50.1 142.5 668.8 795.7 414.28 96.30 732.25 359.45 469.10 109.69 -42.26 -2.46
1/13/2001 109.5 179.9 712.3 845.5 461.80 144.70 778.90 410.90 512.70 122.27 -42.15 -2.28
4/20/2001 126.8 283.2 715.3 881.9 501.80 205.00 798.60 421.05 582.55 132.86 -39.45 -3.62
7/16/2001 68.3 149.8 674.3 837.1 432.38 109.05 755.70 371.30 493.45 114.48 -42.98 -2.74
10/9/2001 71.4 157.1 685.5 840.8 438.70 114.25 763.15 378.45 498.95 116.15 -43.12 -2.70

1/9/2002 102.7 177.8 713 872 466.38 140.25 792.50 407.85 524.90 123.48 -43.35 -2.62
4/12/2002 125.5 192.8 738.6 904.9 490.45 159.15 821.75 432.05 548.85 129.86 -44.04 -2.62
7/18/2002 62.3 151.8 706.334 859.6 445.01 107.05 782.97 384.32 505.70 117.82 -44.92 -2.72
10/8/2002 43.7 151.1 711.3 846.7 438.20 97.40 779.00 377.50 498.90 116.02 -45.30 -2.72

1/8/2003 84.7 180.5 748.5 891.8 476.38 132.60 820.15 416.60 536.15 126.13 -45.69 -2.68
4/15/2003 96.1 191.9 739.9 989.3 504.30 144.00 864.60 418.00 590.60 133.52 -47.89 -3.87

7/1/2003 57.4 168 713 959 474.35 112.70 836.00 385.20 563.50 125.59 -48.07 -3.99
10/7/2003 42.1 166.8 714 946.6 467.38 104.45 830.30 378.05 556.70 123.75 -48.24 -4.00

12/31/2003 80 197.9 753.9 985.1 504.23 138.95 869.50 416.95 591.50 133.50 -48.55 -3.91
4/13/2004 92 208.9 760.4 1006.6 516.98 150.45 883.50 426.20 607.75 136.88 -48.72 -4.07
7/13/2004 14.6 163.9 707.3 954.4 460.05 89.25 830.85 360.95 559.15 121.81 -49.29 -4.44
10/8/2004 -8.6 233.4 704.6 941 467.60 112.40 822.80 348.00 587.20 123.81 -47.21 -5.36

1/7/2005 19.5 190.4 746.5 982.5 484.73 104.95 864.50 383.00 586.45 128.34 -50.48 -4.56
4/8/2005 3.4 397.6 751.6 1003.4 539.00 200.50 877.50 377.50 700.50 142.71 -44.99 -7.24

7/18/2005 3.1 164.3 709.7 969.6 461.68 83.70 839.65 356.40 566.95 122.24 -50.24 -4.72
8/26/2005 3.1 157.5 702.5 956.3 454.85 80.30 829.40 352.80 556.90 120.43 -49.78 -4.57

10/11/2005 3.1 164.2 712.6 960.1 460.00 83.65 836.35 357.85 562.15 121.79 -50.02 -4.58
1/10/2006 3.1 191.9 742.5 997 483.63 97.50 869.75 372.80 594.45 128.05 -51.32 -4.97

4/9/2006 3.5 205.3 750.7 1018.8 494.58 104.40 884.75 377.10 612.05 130.95 -51.86 -5.26
7/19/2006 3.5 166.6 703.7 975.5 462.33 85.05 839.60 353.60 571.05 122.41 -50.15 -4.87

10/18/2006 3.5 170.2 709 967.5 462.55 86.85 838.25 356.25 568.85 122.47 -49.94 -4.76
1/18/2007 3.5 209.1 748.7 1013.1 493.60 106.30 880.90 376.10 611.10 130.69 -51.48 -5.26
4/19/2007 3.5 216.6 743.7 1021.2 496.25 110.05 882.45 373.60 618.90 131.39 -51.33 -5.50
7/11/2007 3.5 169.6 700.9 981.6 463.90 86.55 841.25 352.20 575.60 122.83 -50.16 -5.00

10/20/2007 3.5 163.4 696 963.7 456.65 83.45 829.85 349.75 563.55 120.91 -49.60 -4.79
1/7/2008 3.5 193.1 730.4 1002.9 482.48 98.30 866.65 366.95 598.00 127.74 -51.06 -5.18

5/13/2008 3.5 202.2 733 1019.1 489.45 102.85 876.05 368.25 610.65 129.59 -51.39 -5.43
7/29/2008 3.5 171.2 699.7 981.8 464.05 87.35 840.75 351.60 576.50 122.87 -50.07 -5.04

10/30/2008 3.5 185.2 717.8 985 472.88 94.35 851.40 360.65 585.10 125.20 -50.31 -5.03
1/12/2009 3.5 213.8 745.7 1020.6 495.90 108.65 883.15 374.60 617.20 131.30 -51.47 -5.43
4/24/2009 3.5 213.8 745.7 1020.6 495.90 108.65 883.15 374.60 617.20 131.30 -51.47 -5.43

Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side)

1
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 374.9 6 549.6 471.8 350.58 190.45 510.70 462.25 238.90 92.82 -21.28 5.00
7/15/1999 368.6 -3.6 544.2 467.3 344.13 182.50 505.75 456.40 231.85 91.11 -21.48 5.03
8/15/1999 373.7 0.2 569.4 485.2 357.13 186.95 527.30 471.55 242.70 94.56 -22.62 5.13
8/31/1999 368.4 -4.7 567 486.2 354.23 181.85 526.60 467.70 240.75 93.79 -22.91 5.08
9/15/1999 365.9 -9.2 565.3 485.1 351.78 178.35 525.20 465.60 237.95 93.14 -23.05 5.10
9/30/1999 364.6 -11.7 570.1 487.6 352.65 176.45 528.85 467.35 237.95 93.37 -23.42 5.14

10/15/1999 361.7 -14.8 569.9 487.4 351.05 173.45 528.65 465.80 236.30 92.95 -23.61 5.14
10/31/1999 362.8 -13.5 575.6 493.1 354.50 174.65 534.35 469.20 239.80 93.86 -23.91 5.14
11/15/1999 365.0 -11.5 581.4 498 358.23 176.75 539.70 473.20 243.25 94.85 -24.12 5.15
11/30/1999 365.6 -11.8 583.7 500.1 359.40 176.90 541.90 474.65 244.15 95.16 -24.26 5.16
12/15/1999 368.0 -9.2 589.7 504.2 363.18 179.40 546.95 478.85 247.50 96.16 -24.43 5.18
12/31/1999 369.0 -8 592.9 506.6 365.13 180.50 549.75 480.95 249.30 96.67 -24.54 5.19

3/31/2000 379.6 7.3 617 524.1 382.00 193.45 570.55 498.30 265.70 101.14 -25.06 5.21
6/30/2000 376.1 4.4 608.9 519.1 377.13 190.25 564.00 492.50 261.75 99.85 -24.84 5.17
9/30/2000 360.7 -12.3 588.3 503.5 360.05 174.20 545.90 474.50 245.60 95.33 -24.70 5.13
1/13/2001 372.1 2.2 618.1 526.1 379.63 187.15 572.10 495.10 264.15 100.51 -25.58 5.17
4/20/2001 387.6 21 645.8 549.2 400.90 204.30 597.50 516.70 285.10 106.15 -26.13 5.19
7/16/2001 374.6 6.5 621.5 532.9 383.88 190.55 577.20 498.05 269.70 101.64 -25.70 5.12
10/9/2001 360.9 -9.4 598.9 515.8 366.55 175.75 557.35 479.90 253.20 97.05 -25.36 5.08

1/9/2002 363.5 -2.5 611.5 524.5 374.25 180.50 568.00 487.50 261.00 99.09 -25.75 5.07
4/12/2002 381.7 16.9 642.7 550.5 397.95 199.30 596.60 512.20 283.70 105.37 -26.40 5.12
7/18/2002 375 10.5 629 544.7 389.80 192.75 586.85 502.00 277.60 103.21 -26.19 5.03
10/8/2002 357.7 -9.6 599.2 523 367.58 174.05 561.10 478.45 256.70 97.32 -25.72 4.97

1/8/2003 367.3 6.5 626.7 542.7 385.80 186.90 584.70 497.00 274.60 102.15 -26.44 4.98
4/15/2003 385.9 27.3 655.3 566.2 408.68 206.60 610.75 520.60 296.75 108.20 -26.86 5.01

7/1/2003 384.7 26.3 649.2 565.6 406.45 205.50 607.40 516.95 295.95 107.62 -26.71 4.95
10/7/2003 360.6 3.5 613 539.7 379.20 182.05 576.35 486.80 271.60 100.40 -26.20 4.82

12/31/2003 372 19.4 636 558.3 396.43 195.70 597.15 504.00 288.85 104.96 -26.68 4.82
4/13/2004 389.4 39.8 665.5 583.1 419.45 214.60 624.30 527.45 311.45 111.06 -27.23 4.84
7/13/2004 379.5 27.7 643.3 571.1 405.40 203.60 607.20 511.40 299.40 107.34 -26.82 4.75
10/8/2004 361.6 10.3 615.2 550.9 384.50 185.95 583.05 488.40 280.60 101.80 -26.39 4.66

1/7/2005 367.5 16.1 630.6 561.5 393.93 191.80 596.05 499.05 288.80 104.30 -26.87 4.71
4/8/2005 388.2 35.6 662.3 587.2 418.33 211.90 624.75 525.25 311.40 110.76 -27.44 4.79

7/18/2005 382.6 26.3 647.7 580.1 409.18 204.45 613.90 515.15 303.20 108.34 -27.21 4.75
8/26/2005 373.6 15.7 629.8 566.8 396.48 194.65 598.30 501.70 291.25 104.97 -26.83 4.71

10/11/2005 365.9 6.1 617.8 557.9 386.93 186.00 587.85 491.85 282.00 102.45 -26.71 4.70
1/10/2006 376.2 17.5 639 572.2 401.23 196.85 605.60 507.60 294.85 106.23 -27.16 4.77

4/9/2006 393.8 32.7 665.7 594 421.55 213.25 629.85 529.75 313.35 111.61 -27.69 4.85
7/19/2006 384.2 20.3 646.2 582.7 408.35 202.25 614.45 515.20 301.50 108.12 -27.39 4.79

10/18/2006 365 -2 614.4 558.2 383.90 181.50 586.30 489.70 278.10 101.65 -26.90 4.74
1/18/2007 376 9.6 635.9 573.9 398.85 192.80 604.90 505.95 291.75 105.60 -27.39 4.80
4/19/2007 390.7 24.1 659.3 592.7 416.70 207.40 626.00 525.00 308.40 110.33 -27.82 4.85
7/11/2007 384.1 15 644.6 584.6 407.08 199.55 614.60 514.35 299.80 107.78 -27.58 4.81

10/20/2007 363.7 -9.6 611.5 560.6 381.55 177.05 586.05 487.60 275.50 101.02 -27.18 4.75
1/7/2008 371.2 -2.9 625.1 569.7 390.78 184.15 597.40 498.15 283.40 103.47 -27.46 4.81

5/13/2008 390.8 11.5 650.8 592.6 411.43 201.15 621.70 520.80 302.05 108.93 -27.95 4.90
7/29/2008 379.9 -2.5 629.3 579.9 396.65 188.70 604.60 504.60 288.70 105.02 -27.64 4.84

10/30/2008 365 -20.3 605.3 562.2 378.05 172.35 583.75 485.15 270.95 100.10 -27.34 4.80
1/12/2009 375.3 -11.4 624.8 575 390.93 181.95 599.90 500.05 281.80 103.51 -27.78 4.89
4/24/2009 375.3 -11.4 624.8 575 390.93 181.95 599.90 500.05 281.80 103.51 -27.78 4.89

12

Table 2  Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 306.3 72.2 490.8 675.2 386.13 189.25 583.00 398.55 373.70 102.23 -26.17 0.56
7/15/1999 288.0 53.1 484.2 670.6 373.98 170.55 577.40 386.10 361.85 99.02 -27.04 0.54
8/15/1999 280.9 61.8 506.3 693.7 385.68 171.35 600.00 393.60 377.75 102.12 -28.49 0.36
8/31/1999 270.4 52.1 503.1 691.4 379.25 161.25 597.25 386.75 371.75 100.41 -28.98 0.34
9/15/1999 261.3 43.9 501.2 689.9 374.08 152.60 595.55 381.25 366.90 99.04 -29.44 0.32
9/30/1999 257.1 40.7 503.1 690.7 372.90 148.90 596.90 380.10 365.70 98.73 -29.77 0.32

10/15/1999 250.1 33.8 501.2 691 369.03 141.95 596.10 375.65 362.40 97.71 -30.18 0.30
10/31/1999 251.4 38 507.6 697.6 373.65 144.70 602.60 379.50 367.80 98.93 -30.43 0.26
11/15/1999 253.9 41.6 512.1 701.9 377.38 147.75 607.00 383.00 371.75 99.92 -30.52 0.25
11/30/1999 253.5 41.2 513.6 704.4 378.18 147.35 609.00 383.55 372.80 100.13 -30.68 0.24
12/15/1999 255.8 46.7 519.1 709.3 382.73 151.25 614.20 387.45 378.00 101.33 -30.77 0.21
12/31/1999 256.7 48.9 522.3 712.4 385.08 152.80 617.35 389.50 380.65 101.96 -30.87 0.20

3/31/2000 267.5 64.6 542.8 734.2 402.28 166.05 638.50 405.15 399.40 106.51 -31.40 0.13
6/30/2000 258.9 46.4 531.2 726.1 390.65 152.65 628.65 395.05 386.25 103.43 -31.63 0.20
9/30/2000 237.1 10.1 504.9 705.9 364.50 123.60 605.40 371.00 358.00 96.51 -32.02 0.29
1/13/2001 254.0 40.9 535.1 734.6 391.15 147.45 634.85 394.55 387.75 103.56 -32.39 0.15
4/20/2001 275.4 72.6 561.4 763.7 418.28 174.00 662.55 418.40 418.15 110.75 -32.47 0.01
7/16/2001 255.3 37.7 534.8 740.9 392.18 146.50 637.85 395.05 389.30 103.84 -32.65 0.13
10/9/2001 235.7 7.5 510.6 719.6 368.35 121.60 615.10 373.15 363.55 97.53 -32.80 0.22

1/9/2002 240 18.9 523.3 731 378.30 129.45 627.15 381.65 374.95 100.16 -33.08 0.15
4/12/2002 263.4 58.5 554.8 763 409.93 160.95 658.90 409.10 410.75 108.54 -33.09 -0.04
7/18/2002 255.5 40.1 566.1 754.5 404.05 147.80 660.30 410.80 397.30 106.98 -34.06 0.30
10/8/2002 231.2 3.4 508.7 726.1 367.35 117.30 617.40 369.95 364.75 97.26 -33.24 0.12

1/8/2003 249.4 38.5 540.1 754.4 395.60 143.95 647.25 394.75 396.45 104.74 -33.45 -0.04
4/15/2003 276.4 78.5 571.6 784.9 427.85 177.45 678.25 424.00 431.70 113.28 -33.28 -0.17

7/1/2003 273 69 561.4 779.9 420.83 171.00 670.65 417.20 424.45 111.42 -33.21 -0.16
10/7/2003 246.6 22.5 524.7 744.6 384.60 134.55 634.65 385.65 383.55 101.83 -33.24 0.05

12/31/2003 264.8 58.9 552.8 770.1 411.65 161.85 661.45 408.80 414.50 108.99 -33.20 -0.13
4/13/2004 291.3 97.7 584 803.2 444.05 194.50 693.60 437.65 450.45 117.57 -33.17 -0.29
7/13/2004 275.5 64.3 556.1 781 419.23 169.90 668.55 415.80 422.65 111.00 -33.14 -0.15
10/8/2004 252.8 29.9 527.5 755.8 391.50 141.35 641.65 390.15 392.85 103.66 -33.25 -0.06

1/7/2005 264 50.8 544.5 770.6 407.48 157.40 657.55 404.25 410.70 107.89 -33.24 -0.14
4/8/2005 289.9 90.7 576 802 439.65 190.30 689.00 432.95 446.35 116.41 -33.14 -0.30

7/18/2005 277.8 67.7 556.4 787.1 422.25 172.75 671.75 417.10 427.40 111.80 -33.16 -0.23
8/26/2005 266.7 46.5 539.8 771.9 406.23 156.60 655.85 403.25 409.20 107.56 -33.18 -0.13

10/11/2005 257.2 33.8 526.8 760.8 394.65 145.50 643.80 392.00 397.30 104.49 -33.12 -0.12
1/10/2006 269.3 59.9 551.2 780.4 415.20 164.60 665.80 410.25 420.15 109.93 -33.31 -0.22

4/9/2006 289.9 90 576.3 806.2 440.60 189.95 691.25 433.10 448.10 116.66 -33.32 -0.34
7/19/2006 277.7 63.9 553.8 787.8 420.80 170.80 670.80 415.75 425.85 111.42 -33.23 -0.23

10/18/2006 253.3 27.9 523.7 757.8 390.68 140.60 640.75 388.50 392.85 103.44 -33.24 -0.10
1/18/2007 267.4 54.9 546.5 778.5 411.83 161.15 662.50 406.95 416.70 109.04 -33.32 -0.22
4/19/2007 289 88.7 575.1 806.8 439.90 188.85 690.95 432.05 447.75 116.47 -33.37 -0.35
7/11/2007 280 67 558 793.6 424.65 173.50 675.80 419.00 430.30 112.43 -33.38 -0.25

10/20/2007 255.4 29.1 525 763.8 393.33 142.25 644.40 390.20 396.45 104.14 -33.37 -0.14
1/7/2008 265.4 49.2 542.8 778 408.85 157.30 660.40 404.10 413.60 108.25 -33.44 -0.21

5/13/2008 290.2 83.3 573.8 809.3 439.15 186.75 691.55 432.00 446.30 116.27 -33.55 -0.32
7/29/2008 274 55.1 548.5 787.7 416.33 164.55 668.10 411.25 421.40 110.23 -33.47 -0.23

10/30/2008 256.5 28.1 526.4 765.9 394.23 142.30 646.15 391.45 397.00 104.38 -33.49 -0.12
1/12/2009 271.1 54.9 550.3 786.8 415.78 163.00 668.55 410.70 420.85 110.08 -33.60 -0.23
4/24/2009 271.1 54.9 550.3 786.8 415.78 163.00 668.55 410.70 420.85 110.08 -33.60 -0.23
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 445.4 53.9 802 298.7 400.00 249.65 550.35 623.70 176.30 105.91 -19.98 10.02
7/15/1999 440.5 34.4 799.5 280.7 388.78 237.45 540.10 620.00 157.55 102.94 -20.11 10.36
8/15/1999 455.6 40.8 837.6 284.6 404.65 248.20 561.10 646.60 162.70 107.14 -20.79 10.84
8/31/1999 452.7 30.7 837.1 274.1 398.65 241.70 555.60 644.90 152.40 105.55 -20.86 11.03
9/15/1999 448.5 21.7 836.8 266.2 393.30 235.10 551.50 642.65 143.95 104.13 -21.03 11.17
9/30/1999 447.0 16.1 838.5 260.8 390.60 231.55 549.65 642.75 138.45 103.42 -21.14 11.30

10/15/1999 446.5 8.8 839.3 255.1 387.43 227.65 547.20 642.90 131.95 102.58 -21.24 11.45
10/31/1999 450.9 11.7 847.9 257.8 392.08 231.30 552.85 649.40 134.75 103.81 -21.37 11.53
11/15/1999 455.9 16.1 856.2 259.8 397.00 236.00 558.00 656.05 137.95 105.11 -21.40 11.61
11/30/1999 456.3 15.5 858.3 259 397.28 235.90 558.65 657.30 137.25 105.19 -21.45 11.65
12/15/1999 461.3 20.5 865.6 261.7 402.28 240.90 563.65 663.45 141.10 106.51 -21.45 11.70
12/31/1999 463.4 22.5 871.6 262.9 405.10 242.95 567.25 667.50 142.70 107.26 -21.55 11.76

3/31/2000 477.8 35.6 903.8 282.7 424.98 256.70 593.25 690.80 159.15 112.52 -22.37 11.91
6/30/2000 469.2 17.4 889.7 267.4 410.93 243.30 578.55 679.45 142.40 108.80 -22.28 12.03
9/30/2000 453.5 -23.5 856.8 240.4 381.80 215.00 548.60 655.15 108.45 101.09 -22.17 12.25
1/13/2001 476.9 5 891.3 257.6 407.70 240.95 574.45 684.10 131.30 107.95 -22.16 12.38
4/20/2001 494.8 40.8 932.8 281.2 437.40 267.80 607.00 713.80 161.00 115.81 -22.54 12.38
7/16/2001 475.7 4.9 900.7 255.9 409.30 240.30 578.30 688.20 130.40 108.37 -22.46 12.50
10/9/2001 459.3 -30.8 870.4 236.8 383.93 214.25 553.60 664.85 103.00 101.65 -22.55 12.59

1/9/2002 468.8 -18.5 883.7 241.5 393.88 225.15 562.60 676.25 111.50 104.29 -22.43 12.65
4/12/2002 492.8 22.5 926.5 270.2 428.00 257.65 598.35 709.65 146.35 113.32 -22.64 12.62
7/18/2002 483.5 3.8 911.9 257.3 414.13 243.65 584.60 697.70 130.55 109.65 -22.66 12.71
10/8/2002 462.7 -35 875.6 233 384.08 213.85 554.30 669.15 99.00 101.69 -22.63 12.77

1/8/2003 485.5 2.5 912.6 253.9 413.63 244.00 583.25 699.05 128.20 109.52 -22.55 12.79
4/15/2003 501.9 612.9 952.7 285.1 588.15 557.40 618.90 727.30 449.00 155.72 -4.09 6.23

7/1/2003 521.6 28.8 943.4 278.1 442.98 275.20 610.75 732.50 153.45 117.29 -22.30 12.97
10/7/2003 472.3 -16.5 903.8 247.5 401.78 227.90 575.65 688.05 115.50 106.38 -23.11 12.83

12/31/2003 495.5 18.6 939.3 268.7 430.53 257.05 604.00 717.40 143.65 113.99 -23.06 12.85
4/13/2004 504.6 68.9 989 299.2 465.43 286.75 644.10 746.80 184.05 123.23 -23.75 12.61
7/13/2004 487.3 36.7 961.8 277.7 440.88 262.00 619.75 724.55 157.20 116.73 -23.78 12.71
10/8/2004 468.9 -0.5 928.8 256.4 413.40 234.20 592.60 698.85 127.95 109.46 -23.82 12.79

1/7/2005 485.2 21.4 952.7 269.7 432.25 253.30 611.20 718.95 145.55 114.45 -23.79 12.85
4/8/2005 512.9 68.8 998.7 302.5 470.73 290.85 650.60 755.80 185.65 124.63 -23.91 12.77

7/18/2005 498.2 40 977.1 286.8 450.53 269.10 631.95 737.65 163.40 119.29 -24.11 12.86
8/26/2005 486.3 17.1 955.5 271.8 432.68 251.70 613.65 720.90 144.45 114.56 -24.05 12.91

10/11/2005 478.8 2.4 942.6 263.6 421.85 240.60 603.10 710.70 133.00 111.69 -24.09 12.94
1/10/2006 497.9 28.2 970.6 280.6 444.33 263.05 625.60 734.25 154.40 117.64 -24.09 12.99

4/9/2006 519.6 65.1 1008.9 306 474.90 292.35 657.45 764.25 185.55 125.74 -24.26 12.96
7/19/2006 505.7 73.4 984.2 290.7 463.50 289.55 637.45 744.95 182.05 122.72 -23.12 12.61

10/18/2006 484 -5.7 946.5 265.8 422.65 239.15 606.15 715.25 130.05 111.91 -24.39 13.11
1/18/2007 503 21.5 974.4 282.5 445.35 262.25 628.45 738.70 152.00 117.92 -24.34 13.14
4/19/2007 525.1 60.9 1012.9 309.1 477.00 293.00 661.00 769.00 185.00 126.30 -24.46 13.08
7/11/2007 533.8 36.8 994.5 295.1 465.05 285.30 644.80 764.15 165.95 123.13 -23.89 13.40

10/20/2007 487.8 -9.1 953.8 269.9 425.60 239.35 611.85 720.80 130.40 112.69 -24.76 13.23
1/7/2008 504.2 11.4 976 284.1 443.93 257.80 630.05 740.10 147.75 117.54 -24.74 13.27

5/13/2008 552.9 52.7 1019.4 315.4 485.10 302.80 667.40 786.15 184.05 128.44 -24.23 13.49
7/29/2008 533.4 17.1 989.1 295.9 458.88 275.25 642.50 761.25 156.50 121.50 -24.41 13.55

10/30/2008 494.5 -16.2 961.7 277.5 429.38 239.15 619.60 728.10 130.65 113.69 -25.28 13.38
1/12/2009 514.7 12 989.3 296.3 453.08 263.35 642.80 752.00 154.15 119.96 -25.22 13.39
4/24/2009 514.7 12 989.3 296.3 453.08 263.35 642.80 752.00 154.15 119.96 -25.22 13.39

Table 2  Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)

14

9



Page 5/5
Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 468.3 92.2 387.7 511.7 364.98 280.25 449.70 428.00 301.95 96.63 -11.26 2.82
7/15/1999 460.1 81 381.5 505.7 357.08 270.55 443.60 420.80 293.35 94.54 -11.50 2.86
8/15/1999 482.3 96.1 410.7 526 378.78 289.20 468.35 446.50 311.05 100.29 -11.91 3.03
8/31/1999 490.3 101.9 422.4 535 387.40 296.10 478.70 456.35 318.45 102.57 -12.14 3.09
9/15/1999 491.0 101.4 426.3 536.4 388.78 296.20 481.35 458.65 318.90 102.94 -12.30 3.13
9/30/1999 497.9 106.7 434.7 543.6 395.73 302.30 489.15 466.30 325.15 104.78 -12.42 3.16

10/15/1999 505.0 112.3 443.2 550.9 402.85 308.65 497.05 474.10 331.60 106.66 -12.52 3.19
10/31/1999 515.6 118.8 452.5 560.9 411.95 317.20 506.70 484.05 339.85 109.07 -12.59 3.23
11/15/1999 525.0 128.3 463.4 570.2 421.73 326.65 516.80 494.20 349.25 111.66 -12.64 3.25
11/30/1999 532.5 134.9 471.5 576.8 428.93 333.70 524.15 502.00 355.85 113.57 -12.66 3.27
12/15/1999 534.1 138.1 476.5 580.2 432.23 336.10 528.35 505.30 359.15 114.44 -12.78 3.27
12/31/1999 540.4 144.3 484.4 587.2 439.08 342.35 535.80 512.40 365.75 116.25 -12.86 3.29

3/31/2000 551.1 156 501.3 602.1 452.63 353.55 551.70 526.20 379.05 119.84 -13.17 3.30
6/30/2000 533.5 137.3 477.6 577.9 431.58 335.40 527.75 505.55 357.60 114.27 -12.78 3.31
9/30/2000 539.6 136.8 480.7 575.1 433.05 338.20 527.90 510.15 355.95 114.66 -12.61 3.45
1/13/2001 571.4 169.7 522.7 611.8 468.90 370.55 567.25 547.05 390.75 124.15 -13.07 3.50
4/20/2001 580.2 184.8 537.9 624.6 481.88 382.50 581.25 559.05 404.70 127.59 -13.21 3.46
7/16/2001 555.8 159.1 508 598.6 455.38 357.45 553.30 531.90 378.85 120.57 -13.02 3.43
10/9/2001 556.2 154.1 506 595.8 453.03 355.15 550.90 531.10 374.95 119.95 -13.01 3.50

1/9/2002 572 170.3 527.3 614.7 471.08 371.15 571.00 549.65 392.50 124.73 -13.28 3.52
4/12/2002 584.6 187.7 546.3 632.8 487.85 386.15 589.55 565.45 410.25 129.17 -13.52 3.48
7/18/2002 559.5 162.1 516.1 606 460.93 360.80 561.05 537.80 384.05 122.04 -13.31 3.44
10/8/2002 557 154.4 511 599.8 455.55 355.70 555.40 534.00 377.10 120.62 -13.27 3.51

1/8/2003 591 189.2 552.8 639 493.00 390.10 595.90 571.90 414.10 130.53 -13.68 3.54
4/15/2003 597.9 204.3 567.5 650.5 505.05 401.10 609.00 582.70 427.40 133.72 -13.82 3.48

7/1/2003 580.7 184.3 545.4 632.5 485.73 382.50 588.95 563.05 408.40 128.61 -13.72 3.46
10/7/2003 578.2 176.3 538 627 479.88 377.25 582.50 558.10 401.65 127.06 -13.64 3.50

12/31/2003 610.3 207.7 572.6 661.6 513.05 409.00 617.10 591.45 434.65 135.84 -13.83 3.51
4/13/2004 617.1 224.2 589.5 675.7 526.63 420.65 632.60 603.30 449.95 139.43 -14.09 3.44
7/13/2004 584 186.6 549.1 642.6 490.58 385.30 595.85 566.55 414.60 129.89 -13.99 3.40
10/8/2004 581.8 181.2 543.7 638.3 486.25 381.50 591.00 562.75 409.75 128.74 -13.92 3.43

1/7/2005 609.9 209 574.8 669.1 515.70 409.45 621.95 592.35 439.05 136.54 -14.12 3.43
4/8/2005 617.5 225 590.2 683.9 529.15 421.25 637.05 603.85 454.45 140.10 -14.34 3.35

7/18/2005 590.4 192.7 554.7 656 498.45 391.55 605.35 572.55 424.35 131.97 -14.21 3.32
8/26/2005 584.4 183.1 544 647.8 489.83 383.75 595.90 564.20 415.45 129.69 -14.10 3.33

10/11/2005 589.3 185.9 548.5 652 493.93 387.60 600.25 568.90 418.95 130.78 -14.13 3.36
1/10/2006 616 216.1 582.8 683.4 524.58 416.05 633.10 599.40 449.75 138.89 -14.42 3.35

4/9/2006 629 235.4 605.8 701.1 542.83 432.20 653.45 617.40 468.25 143.72 -14.70 3.34
7/19/2006 595.8 199 563.1 668.3 506.55 397.40 615.70 579.45 433.65 134.12 -14.51 3.27

10/18/2006 595.6 193 557.4 662.8 502.20 394.30 610.10 576.50 427.90 132.97 -14.34 3.33
1/18/2007 622.2 223.4 590.2 694.6 532.60 422.80 642.40 606.20 459.00 141.02 -14.59 3.30
4/19/2007 624.5 231.7 598.4 701.1 538.93 428.10 649.75 611.45 466.40 142.69 -14.73 3.25
7/11/2007 594.6 199.2 561.5 670.8 506.53 396.90 616.15 578.05 435.00 134.11 -14.57 3.20

10/20/2007 588.7 187 550.3 661.8 496.95 387.85 606.05 569.50 424.40 131.58 -14.50 3.25
1/7/2008 619.8 219.6 589.6 697.1 531.53 419.70 643.35 604.70 458.35 140.73 -14.86 3.28

5/13/2008 624.3 232.4 600.5 707.3 541.13 428.35 653.90 612.40 469.85 143.27 -14.99 3.19
7/29/2008 600.8 202.7 568.1 681.9 513.38 401.75 625.00 584.45 442.30 135.93 -14.84 3.18

10/30/2008 616.5 213.5 580.6 694.2 526.20 415.00 637.40 598.55 453.85 139.32 -14.78 3.24
1/12/2009 638.2 240.2 611.7 719.3 552.35 439.20 665.50 624.95 479.75 146.25 -15.04 3.25
4/24/2009 638.2 240.2 611.7 719.3 552.35 439.20 665.50 624.95 479.75 146.25 -15.04 3.25

Table 2  Tie Beam Forces and Bending Moments (Driven Pile Cap side)(cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 -115.0 299.7 422.9 109.6 179.30 92.35 266.25 153.95 204.65 47.47 -11.56 -1.14
7/15/1999 -122.0 289 405.2 95.6 166.95 83.50 250.40 141.60 192.30 44.20 -11.09 -1.14
8/15/1999 -139.4 265.8 401.5 101.8 157.43 63.20 251.65 131.05 183.80 41.68 -12.52 -1.18
8/31/1999 -144.1 258.4 394.7 99.6 152.15 57.15 247.15 125.30 179.00 40.28 -12.63 -1.20
9/15/1999 -144.1 255.9 395.1 102 152.23 55.90 248.55 125.50 178.95 40.30 -12.80 -1.20
9/30/1999 -141.7 260.4 408.3 112.3 159.83 59.35 260.30 133.30 186.35 42.32 -13.35 -1.19

10/15/1999 -138.1 275.3 441.9 138.4 179.38 68.60 290.15 151.90 206.85 47.49 -14.72 -1.23
10/31/1999 -148.1 272.7 430.1 118.5 168.30 62.30 274.30 141.00 195.60 44.56 -14.09 -1.22
11/15/1999 -142.3 278.9 446.6 134.9 179.53 68.30 290.75 152.15 206.90 47.53 -14.78 -1.23
11/30/1999 -137.9 284.4 462 150.8 189.83 73.25 306.40 162.05 217.60 50.26 -15.49 -1.24
12/15/1999 -135.4 290 463.8 152.5 192.73 77.30 308.15 164.20 221.25 51.03 -15.34 -1.28
12/31/1999 -126.8 301.4 481.4 168.9 206.23 87.30 325.15 177.30 235.15 54.60 -15.81 -1.30

3/31/2000 -133.9 283.1 455.7 149.6 188.63 74.60 302.65 160.90 216.35 49.94 -15.16 -1.24
6/30/2000 -157.3 230.6 397.4 119.3 147.50 36.65 258.35 120.05 174.95 39.05 -14.73 -1.23
9/30/2000 -142.8 237.4 427.4 156.8 169.70 47.30 292.10 142.30 197.10 44.93 -16.27 -1.23
1/13/2001 -118.2 295.4 511.7 182.5 217.85 88.60 347.10 196.75 238.95 57.68 -17.18 -0.95
4/20/2001 -128.9 270.9 454 163.4 189.85 71.00 308.70 162.55 217.15 50.27 -15.80 -1.22
7/16/2001 -146.4 213.9 384.1 133.3 146.23 33.75 258.70 118.85 173.60 38.72 -14.95 -1.23
10/9/2001 -135.7 237.5 439.4 178.3 179.88 50.90 308.85 151.85 207.90 47.63 -17.14 -1.26

1/9/2002 -120.2 281.4 483 190.7 208.73 80.60 336.85 181.40 236.05 55.26 -17.03 -1.22
4/12/2002 -133.2 263.6 441.1 154.2 181.43 65.20 297.65 153.95 208.90 48.04 -15.45 -1.23
7/18/2002 -158.1 191.2 355.6 118 126.68 16.55 236.80 98.75 154.60 33.54 -14.64 -1.25
10/7/2002 -149.2 192.4 391.7 156.3 147.80 21.60 274.00 121.25 174.35 39.13 -16.77 -1.19

1/8/2003 -123.2 268.7 469.3 191.8 201.65 72.75 330.55 173.05 230.25 53.39 -17.13 -1.28
4/15/2003 -137.5 248.4 427.1 157.1 173.78 55.45 292.10 144.80 202.75 46.01 -15.73 -1.30

7/1/2003 -159.7 183.9 351.2 124.6 125.00 12.10 237.90 95.75 154.25 33.10 -15.01 -1.31
10/7/2003 -146.6 206.4 412.6 177.8 162.55 29.90 295.20 133.00 192.10 43.04 -17.63 -1.32

12/31/2003 -135.4 243.4 450.4 190 187.10 54.00 320.20 157.50 216.70 49.54 -17.69 -1.33
4/13/2004 -144.6 228.6 422.1 168 168.53 42.00 295.05 138.75 198.30 44.62 -16.82 -1.33
7/13/2004 -179.1 155.6 334.2 117.5 107.05 -11.75 225.85 77.55 136.55 28.34 -15.79 -1.32
10/8/2004 -169 170.9 373.7 152.9 132.13 0.95 263.30 102.35 161.90 34.98 -17.44 -1.33

1/7/2005 -145.5 227.8 440.5 188.2 177.75 41.15 314.35 147.50 208.00 47.06 -18.16 -1.36
4/8/2005 -159.4 209.2 398.5 148.8 149.28 24.90 273.65 119.55 179.00 39.52 -16.53 -1.33

7/18/2005 -182.8 141.5 330.3 131.3 105.08 -20.65 230.80 73.75 136.40 27.82 -16.71 -1.40
8/26/2005 -184 140.7 341.3 131.3 107.33 -21.65 236.30 78.65 136.00 28.42 -17.14 -1.28

10/11/2005 -174.2 159.1 370.9 131.3 121.78 -7.55 251.10 98.35 145.20 32.24 -17.19 -1.05
1/10/2006 -152.5 216.4 430.7 131.3 156.48 31.95 281.00 139.10 173.85 41.43 -16.55 -0.78

4/9/2006 -157.2 206.1 413 131.3 148.30 24.45 272.15 127.90 168.70 39.27 -16.46 -0.91
7/19/2006 -189.4 135.9 330 131.3 101.95 -26.75 230.65 70.30 133.60 26.99 -17.11 -1.42

10/18/2006 -170.5 170.2 390.6 131.3 130.40 -0.15 260.95 110.05 150.75 34.53 -17.35 -0.91
1/18/2007 -145.4 217.2 448.1 131.3 162.80 35.90 289.70 151.35 174.25 43.10 -16.87 -0.51
4/19/2007 -159.2 203.2 410.4 131.3 146.43 22.00 270.85 125.60 167.25 38.77 -16.54 -0.93
7/11/2007 -192.9 128.3 318.7 131.3 96.35 -32.30 225.00 62.90 129.80 25.51 -17.10 -1.50

10/20/2007 -183.2 145.9 358.7 131.3 113.18 -18.65 245.00 87.75 138.60 29.97 -17.52 -1.14
1/7/2008 -155.6 207.5 426.7 131.3 152.48 25.95 279.00 135.55 169.40 40.37 -16.82 -0.76

5/13/2008 -172.2 170 384.2 131.3 128.33 -1.10 257.75 106.00 150.65 33.98 -17.20 -1.00
7/29/2008 -197.5 120 328.1 131.3 95.48 -38.75 229.70 65.30 125.65 25.28 -17.84 -1.35

10/30/2008 -167.1 170 413 131.3 136.80 1.45 272.15 122.95 150.65 36.22 -17.99 -0.62
1/12/2009 -147.6 210.8 446.5 131.3 160.25 31.60 288.90 149.45 171.05 42.43 -17.10 -0.48
4/24/2009 -147.6 210.8 446.5 131.3 160.25 31.60 288.90 149.45 171.05 42.43 -17.10 -0.48

1
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 356.2 257 201.2 275.1 272.38 306.60 238.15 278.70 266.05 72.12 4.55 0.28
7/15/1999 353.8 251.6 188.4 273.4 266.80 302.70 230.90 271.10 262.50 70.64 4.77 0.19
8/15/1999 350.0 242.8 195.3 301.1 272.30 296.40 248.20 272.65 271.95 72.10 3.20 0.02
8/31/1999 350.2 247.8 201.7 307.9 276.90 299.00 254.80 275.95 277.85 73.31 2.94 -0.04
9/15/1999 349.8 249.1 203.6 314 279.13 299.45 258.80 276.70 281.55 73.90 2.70 -0.11
9/30/1999 352.2 256.8 212.1 322.7 285.95 304.50 267.40 282.15 289.75 75.71 2.47 -0.17

10/15/1999 352.6 257.7 225.5 337.3 293.28 305.15 281.40 289.05 297.50 77.65 1.58 -0.19
10/31/1999 361.0 268.5 222.6 333.7 296.45 314.75 278.15 291.80 301.10 78.49 2.43 -0.21
11/15/1999 364.5 273.1 237.1 353.6 307.08 318.80 295.35 300.80 313.35 81.30 1.56 -0.28
11/30/1999 367.6 276.3 249.1 369.4 315.60 321.95 309.25 308.35 322.85 83.56 0.84 -0.32
12/15/1999 370.6 280.7 248.5 364.3 316.03 325.65 306.40 309.55 322.50 83.67 1.28 -0.29
12/31/1999 371.2 282.5 254.8 368.8 319.33 326.85 311.80 313.00 325.65 84.55 1.00 -0.28

3/31/2000 376.0 289.2 244.7 361.1 317.75 332.60 302.90 310.35 325.15 84.13 1.97 -0.33
6/30/2000 358.4 247.7 207.4 329.3 285.70 303.05 268.35 282.90 288.50 75.64 2.31 -0.13
9/30/2000 357.6 235.9 230.1 366.4 297.50 296.75 298.25 293.85 301.15 78.77 -0.10 -0.16
1/13/2001 382.0 289.5 264.4 384.8 330.18 335.75 324.60 323.20 337.15 87.42 0.74 -0.31
4/20/2001 382.9 294.9 260.1 378.2 329.03 338.90 319.15 321.50 336.55 87.12 1.31 -0.34
7/16/2001 352.4 249.4 219.2 330.6 287.90 300.90 274.90 285.80 290.00 76.23 1.73 -0.09
10/9/2001 357.7 267.9 262.1 382 317.43 312.80 322.05 309.90 324.95 84.04 -0.61 -0.34

1/9/2002 385.8 301.2 285.1 395.6 341.93 343.50 340.35 335.45 348.40 90.53 0.21 -0.29
4/12/2002 390.9 310.2 263.2 370.1 333.60 350.55 316.65 327.05 340.15 88.33 2.25 -0.29
7/18/2002 346.39 265.03 220.4 323.3 288.78 305.71 271.85 283.39 294.17 76.46 2.25 -0.24
10/7/2002 344.5 265.3 252.4 363.5 306.43 304.90 307.95 298.45 314.40 81.13 -0.20 -0.36

1/8/2003 385.9 308.5 295.9 394.3 346.15 347.20 345.10 340.90 351.40 91.65 0.14 -0.24
4/15/2003 392.4 317.3 275.8 371.1 339.15 354.85 323.45 334.10 344.20 89.80 2.09 -0.23

7/1/2003 360 288.1 238.7 332.8 304.90 324.05 285.75 299.35 310.45 80.73 2.55 -0.25
10/7/2003 357.1 284.5 277.7 372.1 322.85 320.80 324.90 317.40 328.30 85.48 -0.27 -0.24

12/31/2003 387.7 318.7 304.1 392.5 350.75 353.20 348.30 345.90 355.60 92.87 0.33 -0.22
4/13/2004 389.4 324.2 294.9 381.2 347.43 356.80 338.05 342.15 352.70 91.99 1.25 -0.24
7/13/2004 348 285.8 241 324.8 299.90 316.90 282.90 294.50 305.30 79.40 2.26 -0.24
10/8/2004 342.4 281.8 269.4 353.1 311.68 312.10 311.25 305.90 317.45 82.52 0.06 -0.26

1/7/2005 374.1 315.2 302.9 382.8 343.75 344.65 342.85 338.50 349.00 91.01 0.12 -0.24
4/8/2005 386.7 328.9 284.3 365 341.23 357.80 324.65 335.50 346.95 90.35 2.20 -0.26

7/18/2005 343.2 285.5 242.4 322.1 298.30 314.35 282.25 292.80 303.80 78.98 2.13 -0.25
8/26/2005 337 278.7 250.1 331.1 299.23 307.85 290.60 293.55 304.90 79.23 1.15 -0.25

10/11/2005 338.7 283.6 264.1 348.6 308.75 311.15 306.35 301.40 316.10 81.75 0.32 -0.33
1/10/2006 371.5 317.4 297 373.5 339.85 344.45 335.25 334.25 345.45 89.98 0.61 -0.25

4/9/2006 377.4 324.1 290.6 368.2 340.08 350.75 329.40 334.00 346.15 90.04 1.42 -0.27
7/19/2006 341.9 289.2 238.8 315.3 296.30 315.55 277.05 290.35 302.25 78.45 2.56 -0.27

10/18/2006 342.7 289.5 274.8 354.5 315.38 316.10 314.65 308.75 322.00 83.50 0.10 -0.30
1/18/2007 368.4 316.6 305.5 385 343.88 342.50 345.25 336.95 350.80 91.05 -0.18 -0.31
4/19/2007 370.5 320.9 279.2 353.9 331.13 345.70 316.55 324.85 337.40 87.67 1.94 -0.28
7/11/2007 326.6 278.1 219 294 279.43 302.35 256.50 272.80 286.05 73.98 3.05 -0.30

10/20/2007 325.9 278.3 243.8 321.7 292.43 302.10 282.75 284.85 300.00 77.43 1.29 -0.34
1/7/2008 359.2 310.2 282.8 353 326.30 334.70 317.90 321.00 331.60 86.39 1.12 -0.24

5/13/2008 350.5 304.1 260.9 335.4 312.73 327.30 298.15 305.70 319.75 82.80 1.94 -0.31
7/29/2008 325.9 281.2 234.5 305.4 286.75 303.55 269.95 280.20 293.30 75.92 2.23 -0.29

10/30/2008 335.7 288 283.1 360.3 316.78 311.85 321.70 309.40 324.15 83.87 -0.65 -0.33
1/12/2009 361 312.9 298.7 366.1 334.68 336.95 332.40 329.85 339.50 88.61 0.30 -0.22
4/24/2009 361 312.9 298.7 366.1 334.68 336.95 332.40 329.85 339.50 88.61 0.30 -0.22

Table 3  Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 177.4 380.2 417.6 236.2 302.85 278.80 326.90 297.50 308.20 80.19 -3.20 -0.24
7/15/1999 173.8 378 412.7 230.2 298.68 275.90 321.45 293.25 304.10 79.08 -3.03 -0.24
8/15/1999 172.8 380.2 439.6 252.6 311.30 276.50 346.10 306.20 316.40 82.42 -4.63 -0.23
8/31/1999 172.6 378 445.8 257.5 313.48 275.30 351.65 309.20 317.75 83.00 -5.07 -0.19
9/15/1999 170.9 377.2 447.2 261 314.08 274.05 354.10 309.05 319.10 83.16 -5.32 -0.23
9/30/1999 176.4 380.7 455.9 269.3 320.58 278.55 362.60 316.15 325.00 84.88 -5.59 -0.20

10/15/1999 176.7 378.9 468.1 279.5 325.80 277.80 373.80 322.40 329.20 86.26 -6.38 -0.15
10/31/1999 182.4 385.8 502.1 273.8 336.03 284.10 387.95 342.25 329.80 88.97 -6.90 0.28
11/15/1999 186.8 392.4 482.7 292 338.48 289.60 387.35 334.75 342.20 89.62 -6.50 -0.17
11/30/1999 189.8 396.8 638.9 305.6 382.78 293.30 472.25 414.35 351.20 101.35 -11.89 1.41
12/15/1999 193.5 401.1 516.7 302.2 353.38 297.30 409.45 355.10 351.65 93.56 -7.45 0.08
12/31/1999 194.7 406.1 507.2 308 354.00 300.40 407.60 350.95 357.05 93.73 -7.12 -0.14

3/31/2000 194.8 409 492.7 298.7 348.80 301.90 395.70 343.75 353.85 92.35 -6.23 -0.23
6/30/2000 177.7 389.4 467.2 278.7 328.25 283.55 372.95 322.45 334.05 86.91 -5.94 -0.26
9/30/2000 174.2 385.1 496.7 308 341.00 279.65 402.35 335.45 346.55 90.29 -8.15 -0.25
1/13/2001 200.0 418.2 530.3 318.6 366.78 309.10 424.45 365.15 368.40 97.11 -7.67 -0.07
4/20/2001 194.1 416.2 512.8 310.6 358.43 305.15 411.70 353.45 363.40 94.90 -7.08 -0.22
7/16/2001 166.5 386.2 469 273.8 323.88 276.35 371.40 317.75 330.00 85.75 -6.32 -0.27
10/9/2001 171.5 389.1 514.8 315.2 347.65 280.30 415.00 343.15 352.15 92.05 -8.95 -0.20

1/9/2002 193.6 413.6 539.3 324.6 367.78 303.60 431.95 366.45 369.10 97.38 -8.53 -0.06
4/12/2002 198.8 418.5 509.3 299.2 356.45 308.65 404.25 354.05 358.85 94.38 -6.35 -0.11
7/18/2002 161.4 379.1 462.4 262.6 316.38 270.25 362.50 311.90 320.85 83.77 -6.13 -0.20
10/7/2002 155.8 373.6 686.8 301.1 379.33 264.70 493.95 421.30 337.35 100.43 -15.24 1.88

1/8/2003 193.1 414 547.6 331 371.43 303.55 439.30 370.35 372.50 98.34 -9.02 -0.05
4/15/2003 195.8 419.9 560.6 305.7 370.50 307.85 433.15 378.20 362.80 98.10 -8.33 0.34

7/1/2003 172.1 394.8 479.4 273.9 330.05 283.45 376.65 325.75 334.35 87.39 -6.19 -0.19
10/7/2003 169 389.1 527.1 317.5 350.68 279.05 422.30 348.05 353.30 92.85 -9.52 -0.12

12/31/2003 196.2 423.2 560.3 334.7 378.60 309.70 447.50 378.25 378.95 100.24 -9.16 -0.02
4/13/2004 197.9 424.7 546.1 321.7 372.60 311.30 433.90 372.00 373.20 98.65 -8.15 -0.03
7/13/2004 155.6 383.5 482.7 266.1 321.98 269.55 374.40 319.15 324.80 85.25 -6.97 -0.13
10/8/2004 152.2 378.4 519 298.6 337.05 265.30 408.80 335.60 338.50 89.24 -9.54 -0.06

1/7/2005 180.6 410.6 556.1 324.9 368.05 295.60 440.50 368.35 367.75 97.45 -9.63 0.01
4/8/2005 188.3 419.5 529.1 301 359.48 303.90 415.05 358.70 360.25 95.18 -7.39 -0.03

7/18/2005 150.7 376.8 482.9 262.2 318.15 263.75 372.55 316.80 319.50 84.24 -7.23 -0.06
8/26/2005 144.7 373.1 494.1 275.3 321.80 258.90 384.70 319.40 324.20 85.20 -8.36 -0.11

10/11/2005 146.5 375.2 533.7 291.5 336.73 260.85 412.60 340.10 333.35 89.15 -10.09 0.15
1/10/2006 176 407.1 548.8 313.5 361.35 291.55 431.15 362.40 360.30 95.67 -9.28 0.05

4/9/2006 180.6 412.1 538.7 307.8 359.80 296.35 423.25 359.65 359.95 95.26 -8.43 -0.01
7/19/2006 149.4 377.4 480.1 259.8 316.68 263.40 369.95 314.75 318.60 83.85 -7.08 -0.09

10/18/2006 155.2 382.8 532.6 304.1 343.68 269.00 418.35 343.90 343.45 90.99 -9.93 0.01
1/18/2007 179.5 407.9 563.5 330.9 370.45 293.70 447.20 371.50 369.40 98.08 -10.20 0.05
4/19/2007 182.7 413.5 536 305.6 359.45 298.10 420.80 359.35 359.55 95.17 -8.15 0.00
7/11/2007 146.1 373.2 467.5 250.6 309.35 259.65 359.05 306.80 311.90 81.91 -6.61 -0.11

10/20/2007 144.3 373.6 638.9 278.5 358.83 258.95 458.70 391.60 326.05 95.01 -13.28 1.47
1/7/2008 179.2 408.8 548 312 362.00 294.00 430.00 363.60 360.40 95.85 -9.04 0.07

5/13/2008 172.2 403.9 523.7 297.2 349.25 288.05 410.45 347.95 350.55 92.47 -8.13 -0.06
7/29/2008 149.7 380.4 489.1 265 321.05 265.05 377.05 319.40 322.70 85.00 -7.44 -0.07

10/30/2008 160.1 391.8 555 321.9 357.20 275.95 438.45 357.55 356.85 94.58 -10.80 0.02
1/12/2009 185.3 417.9 568.5 328.6 375.08 301.60 448.55 376.90 373.25 99.31 -9.77 0.08
4/24/2009 185.3 417.9 568.5 328.6 375.08 301.60 448.55 376.90 373.25 99.31 -9.77 0.08

Table 3  Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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7/1/1999 199.5 418.4 473.6 323.8 353.83 308.95 398.70 336.55 371.10 93.68 -5.96 -0.77
7/15/1999 194.3 414.4 461.1 314.4 346.05 304.35 387.75 327.70 364.40 91.62 -5.54 -0.82
8/15/1999 191.0 402.1 488.7 347.5 357.33 296.55 418.10 339.85 374.80 94.61 -8.08 -0.78
8/31/1999 189.5 395.4 496 352.6 358.38 292.45 424.30 342.75 374.00 94.89 -8.76 -0.70
9/15/1999 186.8 391.6 503.6 359.8 360.45 289.20 431.70 345.20 375.70 95.44 -9.47 -0.68
9/30/1999 188.5 396.7 516 369 367.55 292.60 442.50 352.25 382.85 97.32 -9.96 -0.69

10/15/1999 235.3 403 530.4 378.9 386.90 319.15 454.65 382.85 390.95 102.44 -9.01 -0.18
10/31/1999 202.7 418.5 524.2 371.5 379.23 310.60 447.85 363.45 395.00 100.41 -9.12 -0.71
11/15/1999 208.9 426.2 548.2 393.2 394.13 317.55 470.70 378.55 409.70 104.35 -10.18 -0.70
11/30/1999 212.9 429.2 566.6 409.5 404.55 321.05 488.05 389.75 419.35 107.11 -11.10 -0.66
12/15/1999 216.9 433.5 561.4 403.7 403.88 325.20 482.55 389.15 418.60 106.93 -10.46 -0.66
12/31/1999 220.7 443.8 566.6 407.4 409.63 332.25 487.00 393.65 425.60 108.46 -10.28 -0.72

3/31/2000 215.2 438.2 567.9 406.5 406.95 326.70 487.20 391.55 422.35 107.75 -10.67 -0.69
6/30/2000 191.3 415.8 542.4 380.7 382.55 303.55 461.55 366.85 398.25 101.29 -10.50 -0.70
6/30/2000 183.3 409.8 571 409.9 393.50 296.55 490.45 377.15 409.85 104.19 -12.89 -0.73
1/13/2001 215.4 447.2 588.9 421.9 418.35 331.30 505.40 402.15 434.55 110.77 -11.57 -0.73
4/20/2001 210.2 445.1 586.6 415.7 414.40 327.65 501.15 398.40 430.40 109.72 -11.53 -0.72
7/16/2001 171.2 413 554.5 377.7 379.10 292.10 466.10 362.85 395.35 100.37 -11.56 -0.73
10/9/2001 178.5 417.9 596.2 418.8 402.85 298.20 507.50 387.35 418.35 106.66 -13.91 -0.69

1/9/2002 206.2 445.9 606.4 430 422.13 326.05 518.20 406.30 437.95 111.77 -12.77 -0.71
4/12/2002 208.6 449.5 584.1 408.1 412.58 329.05 496.10 396.35 428.80 109.24 -11.10 -0.73
7/18/2002 161.7 410.1 551.9 368.5 373.05 285.90 460.20 356.80 389.30 98.77 -11.58 -0.73
10/7/2002 160.2 405.5 592.3 407.7 391.43 282.85 500.00 376.25 406.60 103.64 -14.43 -0.68

1/8/2003 202 449.1 620.2 437.7 427.25 325.55 528.95 411.10 443.40 113.12 -13.52 -0.72
4/15/2003 205.4 453.6 590 409.8 414.70 329.50 499.90 397.70 431.70 109.80 -11.32 -0.76

7/1/2003 171.9 426.9 559.5 377.3 383.90 299.40 468.40 365.70 402.10 101.65 -11.23 -0.82
10/7/2003 172 424.4 600.8 422.4 404.90 298.20 511.60 386.40 423.40 107.21 -14.18 -0.83

12/31/2003 205.6 461.3 624.2 444.9 434.00 333.45 534.55 414.90 453.10 114.91 -13.36 -0.86
4/13/2004 204.7 463.4 611.5 433.1 428.18 334.05 522.30 408.10 448.25 113.37 -12.51 -0.90
7/13/2004 159.6 424.2 566.4 383.7 383.48 291.90 475.05 363.00 403.95 101.53 -12.17 -0.92
10/8/2004 153 416.8 590.5 409.5 392.45 284.90 500.00 371.75 413.15 103.91 -14.30 -0.93

1/7/2005 192.8 454.9 627.8 446.9 430.60 323.85 537.35 410.30 450.90 114.01 -14.19 -0.91
4/8/2005 205.2 467.5 600.9 425.2 424.70 336.35 513.05 403.05 446.35 112.45 -11.74 -0.97

7/18/2005 154.9 424.1 560.9 385.2 381.28 289.50 473.05 357.90 404.65 100.95 -12.20 -1.05
8/26/2005 168.3 416.1 569.1 391.2 386.18 292.20 480.15 368.70 403.65 102.25 -12.49 -0.78

10/11/2005 152.5 418.5 590.5 413.4 393.73 285.50 501.95 371.50 415.95 104.25 -14.38 -1.00
1/10/2006 190.7 455.4 615 436.7 424.45 323.05 525.85 402.85 446.05 112.38 -13.48 -0.97

4/9/2006 196.7 460.2 612.3 436.6 426.45 328.45 524.45 404.50 448.40 112.91 -13.03 -0.98
7/19/2006 159.7 426.1 562.3 382.1 382.55 292.90 472.20 361.00 404.10 101.29 -11.92 -0.97

10/18/2006 161.9 425.9 600.5 422.5 402.70 293.90 511.50 381.20 424.20 106.62 -14.46 -0.96
1/18/2007 192.2 454.2 638.5 460 436.23 323.20 549.25 415.35 457.10 115.50 -15.02 -0.94
4/19/2007 198.7 462.5 611.3 432 426.13 330.60 521.65 405.00 447.25 112.83 -12.70 -0.95
7/11/2007 149.8 419.9 567.4 379.8 379.23 284.85 473.60 358.60 399.85 100.41 -12.54 -0.92

10/20/2007 208.9 417 590.1 409 406.25 312.95 499.55 399.50 413.00 107.56 -12.40 -0.30
1/7/2008 194.6 460.1 617.4 439.8 427.98 327.35 528.60 406.00 449.95 113.31 -13.37 -0.98

5/13/2008 188 455 606 431.7 420.18 321.50 518.85 397.00 443.35 111.25 -13.12 -1.04
7/29/2008 155 428.4 572.6 394 387.50 291.70 483.30 363.80 411.20 102.60 -12.73 -1.06

10/30/2008 172.9 442.6 629.9 452.7 424.53 307.75 541.30 401.40 447.65 112.40 -15.52 -1.04
1/12/2009 205.6 472.9 638 463.6 445.03 339.25 550.80 421.80 468.25 117.83 -14.06 -1.04
4/24/2009 205.6 472.9 638 463.6 445.03 339.25 550.80 421.80 468.25 117.83 -14.06 -1.04
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7/1/1999 222.2 -19.9 305.2 560 266.88 101.15 432.60 263.70 270.05 70.66 -22.03 -0.14
7/15/1999 207.8 -36.8 294.3 540.9 251.55 85.50 417.60 251.05 252.05 66.60 -22.07 -0.02
8/15/1999 189.9 -53.4 320.4 546.8 250.93 68.25 433.60 255.15 246.70 66.44 -24.28 0.19
8/31/1999 184.8 -60 330.2 555.2 252.55 62.40 442.70 257.50 247.60 66.87 -25.27 0.22
9/15/1999 185.7 -57.2 336.6 558.2 255.83 64.25 447.40 261.15 250.50 67.73 -25.46 0.24
9/30/1999 187.5 -53.7 349.9 570.1 263.45 66.90 460.00 268.70 258.20 69.75 -26.12 0.24

10/15/1999 195.3 -50.5 375.2 601.5 280.38 72.40 488.35 285.25 275.50 74.23 -27.64 0.22
10/31/1999 197.3 -39.9 370.8 589.7 279.48 78.70 480.25 284.05 274.90 74.00 -26.69 0.20
11/15/1999 202.5 -32.3 385.9 601.1 289.30 85.10 493.50 294.20 284.40 76.60 -27.14 0.22
11/30/1999 206.5 -27.3 398.1 613.9 297.80 89.60 506.00 302.30 293.30 78.85 -27.67 0.20
12/15/1999 216.1 -19.5 401.6 620.9 304.78 98.30 511.25 308.85 300.70 80.70 -27.44 0.18
12/31/1999 223.8 -15 410.7 633.4 313.23 104.40 522.05 317.25 309.20 82.93 -27.76 0.18

3/31/2000 203.5 -16 395.7 633.5 304.18 93.75 514.60 299.60 308.75 80.54 -27.97 -0.20
6/30/2000 149.3 -41 371.2 553.8 258.33 54.15 462.50 260.25 256.40 68.40 -27.14 0.09
6/30/2000 154.3 -22.3 411.5 580.2 280.93 66.00 495.85 282.90 278.95 74.38 -28.57 0.09
1/13/2001 197.9 7.7 446.8 627.1 319.88 102.80 536.95 322.35 317.40 84.69 -28.85 0.11
4/20/2001 167.6 1.3 434.9 589.5 298.33 84.45 512.20 301.25 295.40 78.99 -28.43 0.13
7/16/2001 112.8 -20.6 409.7 555.1 264.25 46.10 482.40 261.25 267.25 69.97 -29.00 -0.13
10/9/2001 136.9 -5.4 451.7 582.7 291.48 65.75 517.20 294.30 288.65 77.17 -30.00 0.13

1/9/2002 176.6 9 461.6 618.2 316.35 92.80 539.90 319.10 313.60 83.76 -29.71 0.12
4/12/2002 158.20 3.40 438 581.00 295.25 80.80 509.70 298.30 292.20 78.17 -28.50 0.14
7/18/2002 86.10 -23.70 405 503.86 242.87 31.20 454.53 245.65 240.08 64.30 -28.13 0.12
10/7/2002 96.1 2.90 445.20 562.80 276.75 49.50 504.00 270.65 282.85 73.28 -30.21 -0.27

1/8/2003 165.9 41.91 480.40 628.48 329.17 103.91 554.44 323.15 335.20 87.16 -29.94 -0.27
4/15/2003 147.5 33.95 455.30 592.01 307.19 90.73 523.65 301.40 312.98 81.33 -28.77 -0.26

7/1/2003 88.2 9.66 424.1 577.30 274.82 48.93 500.70 256.15 293.48 72.76 -30.02 -0.84
10/7/2003 103.5 24.24 466.9 574.34 292.25 63.87 520.62 285.20 299.29 77.38 -30.35 -0.32

12/31/2003 130.5 44.68 481.6 566.95 305.93 87.59 524.27 306.05 305.81 81.00 -29.02 0.01
4/13/2004 118.2 42.08 471.6 585.31 304.30 80.14 528.45 294.90 313.69 80.57 -29.79 -0.42
7/13/2004 49.6 8.40 430.9 548.80 259.43 29.00 489.85 240.25 278.60 68.69 -30.63 -0.86
10/8/2004 54.7 18.19 457.3 588.15 279.59 36.45 522.72 256.00 303.17 74.03 -32.32 -1.06

1/7/2005 108.7 42.65 486.4 597.82 308.89 75.67 542.11 297.55 320.23 81.78 -31.00 -0.51
4/8/2005 91.7 33.99 457.3 601.47 296.12 62.85 529.39 274.50 317.73 78.40 -31.01 -0.97

7/18/2005 28.7 12.91 432.3 605.33 269.81 20.81 518.82 230.50 309.12 71.44 -33.10 -1.76
8/26/2005 31.4 16.85 447.8 588.39 271.11 24.13 518.10 239.60 302.62 71.78 -32.83 -1.41

10/11/2005 43.7 14.58 464.4 588.60 277.82 29.14 526.50 254.05 301.59 73.56 -33.05 -1.06
1/10/2006 96.3 14.58 483.8 588.60 295.82 55.44 536.20 290.05 301.59 78.32 -31.95 -0.26

4/9/1906 87.1 29.40 477 588.60 295.52 58.25 532.80 282.05 309.00 78.25 -31.54 -0.60
7/19/1906 18.4 -2.90 430.9 588.60 258.75 7.75 509.75 224.65 292.85 68.51 -33.36 -1.53

10/18/1906 61.1 14.58 483.2 588.60 286.87 37.84 535.90 272.15 301.59 75.95 -33.10 -0.66
1/18/2007 99.2 14.58 505.9 588.60 302.07 56.89 547.25 302.55 301.59 79.98 -32.59 0.02
4/19/2007 80.5 14.58 477.1 588.60 290.19 47.54 532.85 278.80 301.59 76.83 -32.25 -0.51
7/11/2007 11.2 14.5768 431.3 588.5957 261.42 12.89 509.95 221.25 301.59 69.22 -33.03 -1.80

10/20/2007 19.8 14.5768 455.1 588.5957 269.52 17.19 521.85 237.45 301.59 71.36 -33.54 -1.44
1/7/2008 82.9 14.5768 489.6 588.5957 293.92 48.74 539.10 286.25 301.59 77.82 -32.59 -0.34

5/13/2008 44.6 14.5768 468.8 588.5957 279.14 29.59 528.70 256.70 301.59 73.91 -33.17 -1.01
7/29/2008 0.2 14.5768 442.8 588.5957 261.54 7.39 515.70 221.50 301.59 69.25 -33.78 -1.79

10/30/2008 34 14.5768 495.7 588.5957 283.22 24.29 542.15 264.85 301.59 74.99 -34.42 -0.82
1/12/2009 73.4 14.5768 498.3 588.5957 293.72 43.99 543.45 285.85 301.59 77.77 -33.19 -0.35
4/24/2009 73.4 14.5768 498.3 588.5957 293.72 43.99 543.45 285.85 301.59 77.77 -33.19 -0.35

Table 3  Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 903.00 42.30 679.00 - 541.43 472.65 679.00 791.00 42.30 456.92 -73.98 99.88
07/15/99 918.00 48.00 885.00 - 617.00 483.00 885.00 901.50 48.00 520.69 -144.12 113.86
07/31/00 932.43 51.99 887.34 - 623.92 492.21 887.34 909.89 51.99 526.53 -141.66 114.44
08/15/99 940.56 34.46 923.00 - 632.67 487.51 923.00 931.78 34.46 533.91 -156.13 119.70
08/30/99 948.68 31.28 931.09 - 637.02 489.98 931.09 939.89 31.28 537.58 -158.14 121.21
09/15/99 955.75 27.83 938.36 - 640.65 491.79 938.36 947.06 27.83 540.64 -160.10 122.62
09/30/99 959.08 23.03 947.01 - 643.04 491.06 947.01 953.05 23.03 542.66 -163.47 124.06
10/15/99 963.38 18.85 954.86 - 645.70 491.12 954.86 959.12 18.85 544.90 -166.26 125.43
10/31/99 973.25 5.58 968.30 - 649.04 489.42 968.30 970.78 5.58 547.73 -171.69 128.76
11/15/99 973.34 1.26 977.48 - 650.69 487.30 977.48 975.41 1.26 549.12 -175.74 129.95
11/30/99 975.73 -2.84 980.87 - 651.25 486.45 980.87 978.30 -2.84 549.59 -177.26 130.88
12/15/99 974.96 -2.47 982.11 - 651.53 486.25 982.11 978.54 -2.47 549.83 -177.77 130.87
12/31/99 974.03 -54.00 984.71 634.91 460.02 984.71 979.37 -54.00 535.80 -188.11 137.85
03/31/00 964.52 3.86 981.83 - 650.07 484.19 981.83 973.17 3.86 548.59 -178.41 129.31
06/30/00 977.80 -36.92 980.73 - 640.54 470.44 980.73 979.27 -36.92 540.55 -182.94 135.56
09/30/00 1009.20 -10.20 1005.99 - 668.33 499.50 1005.99 1007.60 -10.20 564.01 -181.58 135.77
01/13/01 1014.12 -29.4495 1029.11 - 671.26 492.33 1029.11 1021.61 -29.45 566.48 -192.44 140.21
04/20/01 1008.27 -18.6852 1022.57 - 670.72 494.79 1022.57 1015.42 -18.69 566.02 -189.21 137.95
07/10/01 1030.41 -8.36772 1019.56 - 680.53 511.02 1019.56 1024.98 -8.37 574.30 -182.32 137.85
10/09/01 1054.25 -20.5131 1038.65 - 690.80 516.87 1038.65 1046.45 -20.51 582.96 -187.07 142.33
01/09/02 1055.96 -29.65 1045.80 - 690.70 513.15 1045.80 1050.88 -29.65 582.88 -190.96 144.14
04/12/02 1041.9 -24.8188 1040.36 - 685.81 508.54 1040.36 1041.13 -24.82 578.76 -190.66 142.20
07/19/02 1062.21 -17.26 1035.12 17.14 693.36 522.47 1035.12 1048.67 -17.26 585.12 -183.79 142.20
10/08/02 1086.38 -30.07 1049.75 -6.63 702.02 528.16 1049.75 1068.06 -30.07 592.43 -187.00 146.49
01/08/03 1080.45 -42.89 1062.94 0.41 700.17 518.78 1062.94 1071.70 -42.89 590.87 -195.09 148.69
04/15/03 1059.37 -29.65 1049.86 22.95 693.19 514.86 1049.86 1054.62 -29.65 584.99 -191.81 144.64
06/01/03 1064.93 -31.16 1053.52 21.00 695.77 516.89 1053.52 1059.23 -31.16 587.16 -192.39 145.46
08/07/03 1083.86 -27.66 1053.40 9.26 703.20 528.10 1053.40 1068.63 -27.66 593.43 -188.33 146.25
10/07/03 1095.56 -38.67 1066.64 -0.69 707.84 528.45 1066.64 1081.10 -38.67 597.35 -192.95 149.38
12/31/03 1100.15 -54.88 1082.97 -0.89 709.41 522.64 1082.97 1091.56 -54.88 598.68 -200.89 152.93
04/13/04 1080.17 -43.67 1074.07 21.65 703.52 518.25 1074.07 1077.12 -43.67 593.70 -199.27 149.51
07/13/04 1101.53 -34.89 1072.49 10.76 713.04 533.32 1072.49 1087.01 -34.89 601.74 -193.30 149.66
10/08/04 1122.82 -45.70 1085.57 -8.86 720.90 538.56 1085.57 1104.19 -45.70 608.36 -196.11 153.40
01/07/05 1116.60 -58.49 1097.39 -8.94 718.50 529.06 1097.39 1107.00 -58.49 606.34 -203.76 155.48
04/08/05 1099.01 -52.77 1096.58 5.48 714.28 523.12 1096.58 1097.80 -52.77 602.78 -205.59 153.49
07/18/05 1116.44 -41.55 1096.58 -2.36 723.82 537.44 1096.58 1106.51 -41.55 610.83 -200.46 153.15
08/26/05 1128.14 -43.63 1095.73 -10.20 726.75 542.26 1095.73 1111.93 -43.63 613.30 -198.43 154.15
11/12/05 1127.45 -44.76 1095.72 -9.67 726.14 541.34 1095.72 1111.58 -44.76 612.79 -198.75 154.26
01/10/06 1129.36 -64.30 1095.72 -19.70 720.26 532.53 1095.72 1112.54 -64.30 607.83 -201.91 156.99
04/09/06 1114.90 -55.20 1095.72 -1.14 718.47 529.85 1095.72 1105.31 -55.20 606.32 -202.87 154.81
07/19/06 1130.94 -46.83 1095.72 -9.42 726.61 542.05 1095.72 1113.33 -46.83 613.19 -198.50 154.77
10/18/06 1154.91 -58.29 1095.72 -27.50 730.78 548.31 1095.72 1125.32 -58.29 616.71 -196.26 157.89
01/18/07 1139.55 -68.49 1095.72 -21.73 722.26 535.53 1095.72 1117.64 -68.49 609.52 -200.84 158.23
04/19/07 1125.58 -58.82 1095.72 -8.49 720.83 533.38 1095.72 1110.65 -58.82 608.31 -201.61 156.01
07/09/07 1141.38 -47.08 1095.72 -16.09 730.01 547.15 1095.72 1118.55 -47.08 616.05 -196.67 155.50
10/20/07 1161.81 -62.03 1095.72 -36.23 731.84 549.89 1095.72 1128.77 -62.03 617.60 -195.69 158.85
01/07/08 1155.60 -68.08 1095.72 -28.03 727.75 543.76 1095.72 1125.66 -68.08 614.15 -197.89 159.24
05/13/08 1100.48 -46.92 1095.72 7.39 716.43 526.78 1095.72 1098.10 -46.92 604.59 -203.97 152.75
07/29/08 1158.20 -57.76 1095.72 -17.10 732.05 550.22 1095.72 1126.96 -57.76 617.78 -195.57 158.04
10/30/08 1172.74 -73.81 1095.72 -23.97 731.55 549.47 1095.72 1134.23 -73.81 617.36 -195.84 161.15
01/12/09 1163.28 -77.95 1095.72 -8.29 727.02 542.66 1095.72 1129.50 -77.95 613.53 -198.28 161.07
04/24/09 1152.80 -63.12 1095.72 5.40 728.47 544.84 1095.72 1124.26 -63.12 614.75 -197.50 158.40

Table 4 Pile Forces and Bending Moments
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 575.00 589.00 243.00 - 469.00 582.00 243.00 409.00 589.00 395.79 121.54 -24.01
07/15/99 585.00 602.00 237.00 - 474.67 593.50 237.00 411.00 602.00 400.57 127.81 -25.48
07/30/99 594.35 611.17 230.68 - 478.73 602.76 230.68 412.52 611.17 404.00 133.40 -26.50
08/15/99 596.87 611.09 242.58 336.68 446.81 603.98 289.63 419.73 473.89 377.06 112.70 -7.22
08/31/99 601.58 616.82 241.00 - 486.47 609.20 241.00 421.29 616.82 410.53 132.00 -26.08
09/15/99 605.96 622.42 240.47 - 489.62 614.19 240.47 423.22 622.42 413.19 133.98 -26.57
09/30/99 609.62 624.20 240.71 336.98 452.88 616.91 288.85 425.17 480.59 382.18 117.62 -7.39
10/15/99 612.87 629.40 240.27 336.21 454.69 621.14 288.24 426.57 482.81 383.71 119.35 -7.50
10/31/99 616.45 631.80 243.11 336.29 456.91 624.13 289.70 429.78 484.05 385.59 119.90 -7.24
11/15/99 619.54 632.45 245.83 337.79 458.90 626.00 291.81 432.69 485.12 387.27 119.81 -6.99
11/30/99 623.35 635.58 248.71 340.31 461.99 629.47 294.51 436.03 487.95 389.87 120.09 -6.93
12/15/99 624.21 637.77 247.77 339.95 462.43 630.99 293.86 435.99 488.86 390.24 120.87 -7.05
12/31/99 626.60 640.86 249.37 341.45 464.57 633.73 295.41 437.99 491.16 392.05 121.29 -7.09
03/31/00 634.53 648.30 254.69 346.89 471.10 641.41 300.79 444.61 497.60 397.56 122.12 -7.07
06/30/00 640.05 652.80 250.99 342.06 471.48 646.43 296.53 445.52 497.43 397.88 125.44 -6.93
09/30/00 647.16 661.13 247.62 336.78 473.17 654.14 292.20 447.39 498.96 399.31 129.76 -6.88
01/13/01 654.063 665.1119 256.39 342.22 479.45 659.59 299.31 455.23 503.67 404.61 129.16 -6.46
04/20/01 654.429 664.7057 260.37 345.47 481.25 659.57 302.92 457.40 505.09 406.12 127.86 -6.36
07/10/01 661.456 672.0985 256.15 342.75 483.11 666.78 299.45 458.80 507.43 407.70 131.69 -6.49
10/09/01 668.361 679.0039 251.93 338.20 484.37 673.68 295.06 460.14 508.60 408.76 135.74 -6.46
01/09/02 671.083 683.4721 252.17 337.92 486.16 677.28 295.04 461.63 510.69 410.27 137.04 -6.55
04/12/02 669.17 680.02 256.68 342.06 486.98 674.60 299.37 462.93 511.04 410.96 134.52 -6.42
07/19/02 671.69 683.96 253.27 272.93 470.46 677.83 263.10 462.48 478.44 397.02 148.69 -2.13
10/08/02 678.60 692.21 247.01 332.37 487.54 685.40 289.69 462.80 512.29 411.44 141.87 -6.60
01/08/03 678.44 689.32 251.28 334.22 488.31 683.88 292.75 464.86 511.77 412.09 140.22 -6.26
04/15/03 679.45 692.45 254.73 341.09 491.93 685.95 297.91 467.09 516.77 415.14 139.12 -6.63
06/01/03 678.76 689.85 256.43 341.09 491.53 684.30 298.76 467.60 515.47 414.80 138.22 -6.39
08/07/03 682.33 695.54 251.15 336.74 491.44 688.94 293.95 466.74 516.14 414.73 141.61 -6.59
10/07/03 686.23 700.57 250.14 334.87 492.95 693.40 292.50 468.19 517.72 416.00 143.73 -6.61
12/31/03 689.48 700.61 257.04 341.05 497.05 695.05 299.04 473.26 520.83 419.46 141.97 -6.35
04/13/04 689.24 699.88 260.70 346.65 499.12 694.56 303.68 474.97 523.27 421.21 140.14 -6.44
07/13/04 693.10 667.59 255.46 341.33 489.37 680.34 298.39 474.28 504.46 412.98 136.93 -4.03
10/08/04 699.03 710.89 250.83 337.39 499.53 704.96 294.11 474.93 524.14 421.56 147.30 -6.56
01/07/05 699.07 711.46 253.31 339.95 500.95 705.26 296.63 476.19 525.70 422.75 146.50 -6.61
04/08/05 696.43 708.09 257.94 343.81 501.57 702.26 300.87 477.18 525.95 423.27 143.90 -6.51
07/18/05 699.56 708.33 253.71 338.36 499.99 703.94 296.04 476.64 523.35 421.94 146.24 -6.23
08/26/05 702.04 711.17 250.91 335.97 500.02 706.61 293.44 476.47 523.57 421.97 148.13 -6.28
11/12/05 701.95 699.60 251.68 337.06 497.57 700.78 294.37 476.82 518.33 419.90 145.70 -5.54
01/10/06 705.16 715.03 253.47 339.58 503.31 710.10 296.53 479.32 527.31 424.75 148.27 -6.40
04/09/06 703.94 713.04 259.52 343.20 504.93 708.49 301.36 481.73 528.12 426.11 145.96 -6.19
07/19/06 708.37 716.01 256.84 339.95 505.29 712.19 298.39 482.61 527.98 426.42 148.35 -6.05
10/18/06 713.29 721.25 251.76 334.02 505.08 717.27 292.89 482.52 527.63 426.24 152.14 -6.02
01/18/07 712.84 717.96 256.52 336.54 505.96 715.40 296.53 484.68 527.25 426.98 150.17 -5.68
04/19/07 711.13 716.21 260.62 340.56 507.13 713.67 300.59 485.88 528.38 427.97 148.10 -5.67
07/09/07 713.04 716.74 255.22 334.18 504.79 714.89 294.70 484.13 525.46 426.00 150.64 -5.51
10/20/07 715.97 721.74 250.87 329.51 504.52 718.85 290.19 483.42 525.62 425.77 153.68 -5.63
01/07/08 719.26 723.93 256.47 335.12 508.69 721.59 295.79 487.87 529.52 429.29 152.65 -5.56
05/13/08 696.51 707.19 257.94 343.56 501.30 701.85 300.75 477.22 525.38 423.05 143.80 -6.42
07/29/08 720.07 723.56 259.40 335.76 509.70 721.82 297.58 489.74 529.66 430.14 152.09 -5.33
10/30/08 723.81 727.50 255.66 332.68 509.91 725.66 294.17 489.74 530.09 430.32 154.69 -5.38
01/12/09 723.20 727.59 259.07 336.66 511.63 725.39 297.87 491.14 532.12 431.76 153.27 -5.47
04/24/09 722.67 727.02 262.49 324.47 509.16 724.84 293.48 492.58 525.74 429.68 154.65 -4.42
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 546.00 501.00 248.00 173 367.00 523.50 210.50 397.00 337.00 309.71 112.21 8.00
07/15/99 557.00 513.00 243.00 229 385.50 535.00 236.00 400.00 371.00 325.32 107.20 3.87
07/30/99 565.55 519.94 239.54 224.26 387.32 542.75 231.90 402.55 372.10 326.86 111.44 4.06
08/15/99 567.71 520.14 230.56 232.51 387.73 543.93 231.54 399.14 376.33 327.21 112.00 3.04
08/31/99 573.72 526.52 247.46 232.87 395.14 550.12 240.17 410.59 379.70 333.46 111.12 4.12
09/15/99 578.06 532.08 246.65 233.61 397.60 555.07 240.13 412.36 382.85 335.53 112.91 3.94
09/30/99 582.49 534.97 247.46 234.05 399.74 558.73 240.76 414.98 384.51 337.34 114.00 4.06
10/15/99 586.68 538.17 247.25 235.23 401.83 562.43 241.24 416.97 386.70 339.11 115.15 4.04
10/31/99 590.77 539.40 249.37 235.6 403.79 565.09 242.49 420.07 387.50 340.75 115.66 4.34
11/15/99 592.65 540.65 251.68 237.47 405.61 566.65 244.58 422.17 389.06 342.30 115.47 4.42
11/30/99 596.63 527.25 254.12 239.69 404.42 561.94 246.91 425.38 383.47 341.29 112.94 5.59
12/15/99 599.47 545.53 254.12 239.05 409.54 572.50 246.59 426.80 392.29 345.61 116.84 4.60
12/31/99 601.54 548.45 255.38 239.17 411.14 575.00 247.28 428.46 393.81 346.96 117.49 4.62
03/31/00 610.32 554.87 262.08 243.60 417.72 582.59 252.84 436.20 399.23 352.51 118.22 4.93
06/30/00 616.94 539.60 260.98 238.93 414.11 578.27 249.96 438.96 389.26 349.47 117.70 6.63
09/30/00 625.63 400.76 255.58 232.18 378.54 513.19 243.88 440.61 316.47 319.45 96.55 16.56
01/13/01 632.372 566.6896 264.44 235.84 424.83 599.53 250.14 448.40 401.26 358.52 125.26 6.29
04/20/01 632.575 561.5309 268.38 236.21 424.67 597.05 252.29 450.48 398.87 358.38 123.60 6.88
07/10/01 639.684 569.2893 264.64 234.54 427.04 604.49 249.59 452.16 401.91 360.38 127.23 6.70
10/09/01 646.508 576.5197 259.81 232.14 428.74 611.51 245.97 453.16 404.33 361.82 131.05 6.51
01/09/02 650.895 576.8446 259.68 230.92 429.59 613.87 245.30 455.29 403.88 362.53 132.14 6.86
04/12/02 650.123 570.1017 264.192 232.55 429.24 610.11 248.37 457.16 401.33 362.24 129.69 7.45
07/19/02 653.45 572.46 260.90 226.38 428.30 612.96 243.64 457.18 399.42 361.44 132.40 7.71
10/08/02 659.69 581.14 254.65 222.68 429.54 620.41 238.66 457.17 401.91 362.49 136.86 7.37
01/08/03 657.76 576.89 257.57 224.47 429.17 617.32 241.02 457.67 400.68 362.18 134.91 7.60
04/15/03 661.78 576.19 262.16 228.04 432.04 618.99 245.10 461.97 402.12 364.60 134.04 7.98
06/01/03 661.37 572.66 264.07 227.59 431.43 617.02 245.83 462.72 400.13 364.08 133.07 8.35
08/07/03 665.76 577.29 258.18 222.76 431.00 621.53 240.47 461.97 400.03 363.72 136.61 8.26
10/07/03 669.26 582.73 256.11 222.56 432.66 625.99 239.33 462.68 402.65 365.13 138.62 8.01
12/31/03 670.27 581.39 262.53 229.62 435.95 625.83 246.08 466.40 405.51 367.90 136.15 8.12
04/13/04 669.42 576.64 266.47 232.35 436.22 623.03 249.41 467.94 404.49 368.12 133.95 8.46
07/13/04 672.95 578.63 261.80 224.79 434.54 625.79 243.29 467.37 401.71 366.71 137.13 8.76
10/08/04 677.95 587.12 255.42 222.31 435.70 632.53 238.87 466.68 404.72 367.69 141.14 8.27
01/07/05 677.50 586.02 257.61 226.05 436.80 631.76 241.83 467.56 406.04 368.61 139.80 8.21
04/08/05 674.17 580.83 263.14 227.80 436.48 627.50 245.47 468.65 404.31 368.35 136.96 8.58
07/18/05 677.87 580.70 259.40 221.74 434.93 629.29 240.57 468.63 401.22 367.04 139.36 8.99
08/26/05 679.25 583.30 256.27 219.43 434.56 631.28 237.85 467.76 401.37 366.73 141.05 8.86
11/12/05 679.13 583.14 256.88 220.08 434.81 631.13 238.48 468.00 401.61 366.93 140.77 8.86
01/10/06 679.45 587.32 257.33 223.00 436.78 633.39 240.17 468.39 405.16 368.60 140.97 8.43
04/09/06 679.57 583.14 263.01 226.46 438.05 631.36 244.74 471.29 404.80 369.67 138.61 8.87
07/19/06 683.27 585.78 260.94 222.31 438.08 634.53 241.63 472.11 404.05 369.69 140.86 9.08
10/18/06 687.01 592.40 255.09 218.66 438.29 639.70 236.88 471.05 405.53 369.87 144.42 8.74
01/18/07 685.10 588.58 259.16 221.83 438.67 636.84 240.49 472.13 405.20 370.19 142.10 8.93
04/19/07 685.18 584.40 264.40 222.96 439.23 634.79 243.68 474.79 403.68 370.67 140.22 9.49
07/09/07 687.74 584.85 259.24 215.85 436.92 636.29 237.55 473.49 400.35 368.72 142.96 9.76
10/20/07 690.01 591.22 253.79 213.46 437.12 640.62 233.63 471.90 402.34 368.89 145.91 9.28
01/07/08 691.80 593.86 258.30 218.94 440.73 642.83 238.62 475.05 406.40 371.93 144.91 9.16
05/13/08 675.23 578.71 263.42 226.74 436.03 626.97 245.08 469.32 402.73 367.96 136.91 8.88
07/29/08 694.93 590.45 261.06 217.03 440.87 642.69 239.05 478.00 403.74 372.05 144.71 9.91
10/30/08 696.63 596.14 256.52 215.81 441.28 646.39 236.16 476.57 405.98 372.39 147.07 9.42
01/12/09 695.50 595.73 258.34 219.55 442.28 645.61 238.95 476.92 407.64 373.24 145.80 9.24
04/24/09 696.39 592.69 262.28 221.66 443.26 644.54 241.97 479.34 407.17 374.06 144.32 9.63
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 566.97 586.00 298.00 228.9 419.97 576.49 263.45 432.49 407.45 354.41 112.23 3.34
07/15/99 580.00 597.00 294.00 224 423.75 588.50 259.00 437.00 410.50 357.60 118.13 3.54
07/30/99 588.71 606.46 291.38 218.62 426.29 597.59 255.00 440.05 412.54 359.75 122.82 3.67
08/15/99 591.02 607.35 300.95 227.92 431.81 599.19 264.44 445.99 417.64 364.40 120.01 3.78
08/31/99 595.94 613.52 300.59 229.63 434.92 604.73 265.11 448.27 421.58 367.03 121.76 3.56
09/15/99 599.88 617.91 300.67 229.54 437.00 608.90 265.11 450.28 423.73 368.78 123.25 3.54
09/30/99 603.53 621.65 302.70 229.75 439.41 612.59 266.23 453.12 425.70 370.82 124.18 3.66
10/15/99 607.51 625.02 302.29 229.71 441.13 616.27 266.00 454.90 427.37 372.27 125.57 3.67
10/31/99 611.37 627.25 306.07 229.7 443.60 619.31 267.89 458.72 428.48 374.35 125.99 4.03
11/15/99 613.61 627.78 308.31 232.67 445.59 620.70 270.49 460.96 430.23 376.04 125.55 4.10
11/30/99 616.29 630.54 313.83 234.7 448.84 623.42 274.27 465.06 432.62 378.78 125.17 4.33
12/15/99 617.83 631.44 314.03 234.9 449.55 624.64 274.47 465.93 433.17 379.38 125.54 4.37
12/31/99 619.94 634.20 314.36 236.45 451.24 627.07 275.41 467.15 435.33 380.80 126.08 4.25
03/31/00 629.45 639.44 320.33 239.74 457.24 634.44 280.03 474.89 439.59 385.86 127.06 4.71
06/30/00 636.15 643.50 317.81 51.91 412.34 639.83 184.86 476.98 347.71 347.98 163.11 17.25
09/30/00 646.59 651.99 312.33 231.29 460.55 649.29 271.81 479.46 441.64 388.66 135.33 5.04
01/13/01 653.454 657.0691 320.21 236.77 466.88 655.26 278.49 486.83 446.92 394.00 135.08 5.32
04/20/01 651.464 653.2102 324.03 237.42 466.53 652.34 280.72 487.74 445.32 393.71 133.23 5.66
07/10/01 658.856 661.1717 320.61 235.03 468.92 660.01 277.82 489.74 448.10 395.72 137.02 5.55
10/09/01 667.346 669.2551 315.37 230.97 470.74 668.30 273.17 491.36 450.11 397.25 141.66 5.50
01/09/02 670.88 671.7736 315.66 229.71 472.00 671.33 272.68 493.27 450.74 398.32 142.92 5.67
04/12/02 667.71 665.64 321.06 231.62 471.51 666.68 276.34 494.39 448.63 397.90 139.94 6.10
07/19/02 673.44 667.87 319.88 227.72 472.23 670.66 273.80 496.66 447.79 398.51 142.28 6.52
10/08/02 681.93 676.18 313.24 222.91 473.56 679.05 268.07 497.58 449.54 399.64 147.34 6.41
01/08/03 682.42 673.60 316.88 225.03 474.48 678.01 270.96 499.65 449.32 400.42 145.93 6.71
04/15/03 686.11 672.95 321.26 228.37 477.17 679.53 274.81 503.69 450.66 402.69 145.10 7.07
06/01/03 685.30 670.80 322.48 227.84 476.60 678.05 275.16 503.89 449.32 402.21 144.44 7.28
08/07/03 689.12 675.35 317.28 223.09 476.21 682.23 270.18 503.20 449.22 401.87 147.72 7.20
10/07/03 694.48 681.03 314.64 222.27 478.11 687.76 268.46 504.56 451.65 403.47 150.32 7.06
12/31/03 695.94 680.95 322.73 229.34 482.24 688.45 276.03 509.33 455.15 406.96 147.86 7.23
04/13/04 695.62 676.77 330.77 231.41 483.64 686.19 281.09 513.19 454.09 408.15 145.23 7.88
07/13/04 700.37 679.61 327.88 224.22 483.02 689.99 276.05 514.13 451.92 407.62 148.40 8.30
10/08/04 706.18 688.67 321.87 221.22 484.48 697.43 271.54 514.03 454.94 408.86 152.68 7.88
01/07/05 705.37 688.14 324.72 224.55 485.69 696.75 274.63 515.04 456.35 409.88 151.34 7.83
04/08/05 702.85 682.86 329.75 226.66 485.53 692.86 278.21 516.30 454.76 409.74 148.66 8.21
07/18/05 706.50 683.55 327.15 219.55 484.19 695.03 273.35 516.83 451.55 408.61 151.18 8.71
08/26/05 708.05 686.48 322.81 217.89 483.80 697.26 270.35 515.43 452.18 408.28 153.05 8.44
11/12/05 707.97 686.27 323.74 218.33 484.08 697.12 271.04 515.85 452.30 408.51 152.76 8.48
01/10/06 710.04 690.54 324.68 221.62 486.72 700.29 273.15 517.36 456.08 410.74 153.13 8.17
04/09/06 709.47 686.72 329.75 224.34 487.57 698.10 277.05 519.61 455.53 411.46 150.95 8.55
07/19/06 714.26 690.38 328.09 220.57 488.32 702.32 274.33 521.17 455.47 412.10 153.44 8.76
10/18/06 718.93 696.80 321.91 216.75 488.60 707.86 269.33 520.42 456.77 412.33 157.22 8.49
01/18/07 717.19 692.98 326.63 219.88 489.17 705.08 273.25 521.91 456.43 412.81 154.82 8.73
04/19/07 716.98 689.52 331.50 221.54 489.89 703.25 276.52 524.24 455.53 413.42 152.99 9.17
07/09/07 720.64 690.13 327.60 214.47 488.21 705.39 271.04 524.12 452.30 412.00 155.72 9.58
10/20/07 723.97 695.70 321.18 211.96 488.20 709.83 266.57 522.58 453.83 411.99 158.92 9.17
01/07/08 725.43 698.46 326.71 217.89 492.12 711.95 272.30 526.07 458.17 415.30 157.62 9.06
05/13/08 703.58 681.44 330.20 225.12 485.08 692.51 277.66 516.89 453.28 409.36 148.73 8.49
07/29/08 728.03 696.92 329.23 216.75 492.73 712.47 272.99 528.63 456.83 415.82 157.56 9.58
10/30/08 730.876 701.5886 324.269 216.383 493.28 716.23 270.33 527.57 458.99 416.28 159.86 9.15
01/12/09 729.576 702.3198 327.478 220.079 494.86 715.95 273.78 528.53 461.20 417.62 158.52 8.98
04/24/09 729.901 699.3545 332.393 220.851 495.62 714.63 276.62 531.15 460.10 418.26 157.03 9.48
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 271.75 436.00 261.00 583.00 387.94 353.88 422.00 266.38 509.50 327.38 -24.42 -32.43
07/15/99 279.00 617.00 253.00 583.00 433.00 448.00 418.00 266.00 600.00 365.41 10.76 -44.56
07/30/99 282.79 647.00 243.64 585.13 439.64 464.90 414.39 263.22 616.07 371.01 18.11 -47.07
08/15/99 272.89 690.09 251.16 614.66 457.20 481.49 432.91 262.03 652.38 385.83 17.42 -52.07
08/31/99 265.66 576.80 245.14 627.09 428.67 421.23 436.12 255.40 601.95 361.76 -5.34 -46.23
09/15/99 265.08 802.81 242.34 635.26 486.37 533.95 438.80 253.71 719.04 410.45 34.11 -62.07
09/30/99 260.50 807.40 238.64 642.65 487.30 533.95 440.65 249.57 725.03 411.23 33.45 -63.43
10/15/99 256.43 811.14 234.46 648.58 487.65 533.79 441.52 245.45 729.86 411.53 33.08 -64.62
10/31/99 240.47 824.02 221.62 665.31 487.86 532.25 443.47 231.05 744.67 411.70 31.83 -68.52
11/15/99 241.93 831.45 224.75 676.77 493.73 536.69 450.76 233.34 754.11 416.65 30.81 -69.47
11/31/99 240.47 835.88 224.26 648.85 487.37 538.18 436.56 232.37 742.37 411.29 36.43 -68.03
12/15/99 241.41 836.77 222.35 684.04 496.14 539.09 453.20 231.88 760.41 418.69 30.79 -70.51
12/31/99 242.22 836.08 224.14 684.93 496.84 539.15 454.54 233.18 760.51 419.29 30.34 -70.35
03/31/00 257.37 828.85 237.38 675.92 499.88 543.11 456.65 247.38 752.38 421.85 31.00 -67.37
06/30/00 266.43 846.32 225.20 500.93 459.72 556.37 363.06 245.81 673.62 387.96 69.30 -57.07
09/30/00 257.37 895.02 196.89 705.00 513.57 576.19 450.94 227.13 800.01 433.40 44.90 -76.42
01/13/01 247.90 856.11 197.37 729.58 507.74 552.01 463.47 222.64 792.84 428.48 31.74 -76.07
04/20/01 44.66 883.01 212.28 457.21 399.29 463.83 334.74 128.47 670.11 336.96 46.28 -72.25
07/10/01 -279.94 502.86 204.24 66.21 123.34 111.46 135.22 -37.85 284.53 104.09 -8.52 -43.01
10/09/01 442.16 725.37 50.98 1199.89 604.60 583.76 625.44 246.57 962.63 510.22 -14.94 -95.52
01/09/02 263.63 616.73 159.27 765.05 451.17 440.18 462.16 211.45 690.89 380.74 -7.88 -63.96
04/12/02 67.35 579.97 58.13 501.01 301.61 323.66 279.57 62.74 540.49 254.53 15.81 -63.73
07/19/02 288.69 941.04 187.83 727.59 536.29 614.86 457.71 238.26 834.31 452.57 56.34 -79.51
10/08/02 277.15 962.54 162.58 740.98 535.81 619.84 451.78 219.86 851.76 452.17 60.25 -84.29
01/08/03 256.07 949.53 162.24 758.66 531.62 602.80 460.45 209.15 854.10 448.64 51.04 -86.04
04/15/03 277.19 928.37 189.53 744.52 534.90 602.78 467.03 233.36 836.45 451.41 48.67 -80.45
06/01/03 277.96 939.01 184.90 749.68 537.89 608.49 467.29 231.43 844.35 453.93 50.62 -81.76
08/07/03 288.69 965.09 171.66 750.09 543.88 626.89 460.87 230.17 857.59 458.98 59.52 -83.70
10/07/03 274.96 978.21 155.53 762.84 542.89 626.58 459.19 215.25 870.53 458.14 60.01 -87.41
12/31/03 258.26 983.57 156.83 795.22 548.47 620.92 476.03 207.55 889.40 462.86 51.95 -90.96
04/13/04 281.17 960.30 188.88 781.65 553.00 620.73 485.27 235.03 870.97 466.68 48.57 -84.84
07/13/04 302.86 991.98 173.93 772.27 560.26 647.42 473.10 238.40 882.12 472.80 62.50 -85.87
10/08/04 295.63 1004.49 151.19 786.40 559.43 650.06 468.80 223.41 895.45 472.10 64.99 -89.65
01/07/05 277.35 997.91 148.79 798.02 555.52 637.63 473.41 213.07 897.97 468.80 58.88 -91.36
04/08/05 286.74 978.21 166.99 788.76 555.17 632.47 477.87 226.86 883.49 468.51 55.43 -87.59
07/18/05 304.00 1000.02 160.94 783.60 562.14 652.01 472.27 232.47 891.81 474.39 64.44 -87.96
08/26/05 301.85 1018.4 147.73 791.81 564.94 660.12 469.77 224.79 905.09 476.76 68.24 -90.75
11/12/05 300.51 1018.3 147.82 793.35 564.99 659.40 470.58 224.16 905.83 476.80 67.70 -90.93
01/10/06 274.59 1009.41 138.15 808.34 557.62 642.00 473.24 206.37 908.87 470.58 60.50 -93.71
04/09/06 283.04 986.09 160.45 798.02 556.90 634.57 479.23 221.74 892.06 469.97 55.69 -89.42
07/19/06 295.67 1009.41 149.73 796.56 562.84 652.54 473.14 222.70 902.98 474.98 64.32 -90.75
10/18/06 284.79 1030.77 131.20 808.38 563.79 657.78 469.79 207.99 919.58 475.78 67.40 -94.92
01/18/07 270.29 1012.82 134.82 813.33 557.81 641.55 474.08 202.55 913.08 470.74 60.04 -94.78
04/19/07 282.35 996.04 153.99 805.37 559.44 639.20 479.68 218.17 900.71 472.11 57.19 -91.05
07/09/07 306.44 1014.48 154.64 795.38 567.74 660.46 475.01 230.54 904.93 479.11 66.49 -89.96
10/20/07 290.51 1037.35 126.69 809.72 566.07 663.93 468.21 208.60 923.54 477.71 70.17 -95.37
01/07/08 274.06 1024.92 128.89 820.48 562.09 649.49 474.69 201.48 922.70 474.35 62.67 -96.21
05/13/08 292.26 978.90 169.79 784.94 556.47 635.58 477.37 231.03 881.92 469.61 56.72 -86.83
07/29/08 293.44 1034.59 136.97 816.54 570.39 664.02 476.76 215.20 925.57 481.35 67.13 -94.76
10/30/08 272.32 1053.97 115.20 839.53 570.25 663.14 477.37 193.76 946.75 481.24 66.60 -100.45
01/12/09 261.92 1033.74 121.25 842.38 564.82 647.83 481.81 191.58 938.06 476.65 59.52 -99.58
04/24/09 280.03 1016.80 140.55 827.06 566.11 648.42 483.80 210.29 921.93 477.74 59.02 -94.93
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Fig.1 Plan view of the entire stabilization system and the locations of 
             instrumented foundation elements.
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Fig. 2  Instrumentation of tie-beams for long term monitoring
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Sister bar
strain gages

Drilled shaft # 9

Reinforcing
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Fig.4 Location and designation of the strain gages in shaft # 9.
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Fig.5: Locations and designations of the strain gages in shaft # 1.
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Fig. 6  Location of inclinometers in the drilled shaft cap
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Fig. 7  Anchor load vs. date
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Fig. 8  Tie Beam Axial Force from Gages On Drilled Shaft Side

0

25

50

75

100

125

150

02/09/99 02/09/00 02/08/01 02/08/02 02/08/03 02/08/04 02/07/05 02/07/06 02/07/07 02/07/08 02/06/09

Date

A
xi

al
 F

or
ce

, K
ip

s

#1

#12

#13

#14

#26

28



Fig. 9  Tie Beam Axial Force from Gages On Pile Cap Side
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Fig. 10  Avg. Force of all Instrumented tie beams for Pile Cap and Drilled Shaft Sides
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Fig. 11  Tie Beam Major Bending Moment from Gages On Pile Cape Side
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Fig. 12 Tie Beam Major Bending Moment from Gages On Pile Cap Side
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Fig. 13 Tie Beam Avg. Major Bending Moment From Gages for Pile Cap and Drilled Shaft Sides
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Fig. 14  Axial Force Vs. Date in Driven Piles #1, #17, #18, #19 and #34

0

100

200

300

400

500

600

700

1/1/1998 1/1/1999 1/1/2000 12/31/200
0

12/31/200
1

12/31/200
2

12/31/200
3

12/30/200
4

12/30/200
5

12/30/200
6

12/30/200
7

12/29/200
8

12/29/200
9

Date

Ax
ia

l F
or

ce
, k

ip
s 

   
   

   
.

#18

#34

#1

#19

#17

3434



Fig. 15 Major Bending Moment Vs. Date in Driven Pile #1, #17, #18, #19, and #34
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Fig. 16 Shaft #9, Bending moment vs. date in different elevations below the top of cap
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 Fig. 17 Shaft #1, Bending moment vs. date in different elevations below the top of cap
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Fig. 18 Shaft #9, Bending Moment vs. Depth After 
Construction was completed
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Fig. 19 Shaft #1, Bending Moment vs. Depth After 
Construction was completed
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Fig. 20 Inclinometer #1 Displacement in the A+ Direction 
Downslope (Toward River direction) Base Line 12/11/1998
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Fig. 21 Inclinometer #3 Displacement in the A+ Direction 
Downslope (Toward river direction) Base Line 12/11/1998
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Fig. 22 Inclinometer #8 Displacement in the A+ Direction 
Downslope (Toward River direction) Base Line 12/11/1998 
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Fig. 23 Inclinometer #9A Displacement in the A+ Direction 
Downslope (Toward River direction) Base Line 12/11/1998 

Incremental
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Fig. 24 Inclinometer #10 Displacement in the A+ Direction 
Downslope (Toward river direction) Base Line 12/11/1998
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Fig. 25 Inclinometer #17 Displacement in the A+ Direction 
Downslope (Toward river direction) Base Line 12/11/1998
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CUY-90-1524
106017

DECK EXPANSION JOINT OPENINGS
Finger Type Joints

Measurements are in inches.

Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

Expansion
Distance

476 feet 650 feet

Design 60/ 3.25 3.25 3.25 3.25 3.25 3.25

06-01-70 80/ 4.00 0.00 N.A.

09-19-75 60/ 5.25 2.00 N.A.

05-08-78 60/ 4.75 5.50 2.00 2.00 3.25 2.50

07-30-81 75/ 5.50 5.50 2.25 2.25 3.25 2.75

06-09-83 70/ 5.00 5.00 1.50 1.50 2.75 2.25

07-31-85 73/ 5.25 4.75 1.50 1.00 2.75 2.25

10-31-88 40/ 7.75 8.38 1.50 0.75 3.81 3.38

11-01-89 50/ 7.75 7.00 1.13 0.63 3.25 3.13

10-26-90 50/ 7.75 7.25 1.00 0.50 3.00 3.00

09-30-91 55/ 7.50 7.00 0.88 0.00 3.00 3.00

10-13-92 60/ 7.25 6.81 0.63 0.00 2.50 2.50

10-01-93 50/ 7.50 7.13 0.75 0.31 2.75 2.63

09-01-94 63/ 7.25 6.38 0.31 0.00 2.88 1.88

09-08-95 60/ 7.00 6.63 0.44 0.00 2.00 1.88

09-05-96 77/ 6.50 6.63 0.38 0.00 1.25 1.00

09-19-97 75/ 6.88 7.00 0.31 0.06 1.68 1.42

09-24-98 69/ 7.63 7.00 0.00 0.00 1.88 1.75

10-14-99* 45/ 6.19 5.50 2.38 1.88 3.13 2.75

10-16-00 55/ 6.00 4.88 1.75 1.25 2.56 2.43

04-23-01 70/ 5.50 4.25 1.38 0.63 2.13 1.75

07-16-01 80/ 5.00 3.88 1.00 0.25 1.50 1.25



Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

10-15-01 50/ 6.63 5.63 1.63 1.06 3.25 2.75

1-15-02 30/ 6.88 6.25 2.13 1.50 3.88 3.50

4-15-02 61/ 6.00 5.25 1.38 0.88 2.50 2.38

7-15-02 76/ 5.13 4.13 1.13 0.50 1.75 1.50

10-17-02 48/ 7.00 6.38 1.75 1.25 3.25 2.88

11-1-02 35/ 7.25 6.13 1.88 1.38 3.63 3.38

1-15-03 7/ 8.13 6.63 2.38 1.88 5.00 4.75

4-15-03 67/ 5.63 4.63 1.25 0.63 2.25 2.00

7-15-03 74/ 5.38 4.38 1.00 0.50 2.00 1.63

10-16-03 46/ 7.00 5.75 1.50 1.13 3.25 3.13

1-15-04 11/ 8.00 6.75 2.00 1.38 4.63 4.00

4-15-04 41/ 6.88 5.75 1.38 0.88 3.50 3.25

7-15-04 67/ 5.63 4.75 1.00 0.50 2.13 1.75

10-15-04 50/ 6.38 5.50 1.25 0.75 3.00 2.75

1-15-05 12/ 7.75 7.00 2.00 1.38 4.63 4.25

4-16-05 47/ 6.50 5.63 1.25 0.75 3.25 2.88

7-16-05 74/ 5.50 4.50 0.75 0.375 1.75 1.63

10-14-05 51/ 6.25 5.50 1.13 0.63 2.81 2.56

1-16-06 26/ 7.63 6.38 1.75 1.13 4.13 3.75

4-14-06 65/ 5.75 4.88 0.75 0.50 2.25 2.00

7-14-06 78/ 5.00 4.00 0.63 0.19 1.63 1.25

10-16-06 50/ 6.50 5.88 1.00 0.75 3.25 3.00

1-15-07 41/ 7.00 6.13 1.13 0.88 3.56 3.38

4-16-07 34/ 7.25 6.38 1.38 0.88 3.75 3.50

7-16-07 70/ 5.38 4.75 0.88 0.25 2.13 1.63

10-15-07 56/ 6.38 5.50 1.13 0.75 2.88 2.69



Date Temp (F)
West End Pier

North South
Near Pier 2

North South
Near Pier 4

North South

1-15-08 19/ 7.63 6.63 1.63 1.00 4.13 4.00

4-15-08 41/ 7.13 6.25 1.44 0.88 3.75 3.19

7-16-08 83/ 4.75 4.00 0.50 0.00 1.13 0.81

10-16-08 56/ 6.25 5.56 1.13 0.69 2.75 2.25

1-15-09 7/ 8.31 7.69 2.00 1.13 5.00 4.94

4-15-09 46/ 6.38 5.69 1.31 0.81 3.00 2.69

7-15-09* 77/ 2.50 1.75 2.88 2.44 1.88 1.50

N.A. - No measurements available

* Truss Span 1 Relocated



  

 CUY-90-1524 
 106017 
 EXPANSION OPENINGS AT SPAN 2 FLOORBEAM 12 

Measurements are in inches 
 
 
 Date 

 
 

Temp (F) 

 
North Lower Chord 
Expansion Opening 

 
Deck Expansion 
Joint Near Pier 2 

North South 

 
South Lower Chord 
Expansion Opening 

 
04-23-01 

 
70° 

 
0.54 

 
1.38 0.63 

 
0.04 

 
07-16-01 

 
80° 

 
0.11 

 
1.00 0.25 

 
N.A. 

 
10-15-01 

 
50° 

 
0.48 

 
1.00 0.25 

 
0.10 

 
1-15-02 

 
30° 

 
1.23 

 
2.13 1.50 

 
0.67 

 
4-15-02 

 
61° 

 
0.48 

 
1.38 0.88 

 
0.17 

 
7-15-02 

 
76° 

 
0.17 

 
1.13 0.50 

 
0.04 

 
10-15-02 

 
41° 

 
0.36 

 
1.75 1.25 

 
0.23 

 
11-1-02 

 
35° 

 
N.A. 

 
1.88 1.38 

 
N.A. 

 
1-15-03 

 
7° 

 
1.17 

 
2.38 1.88 

 
0.73 

 
4-15-03 

 
67° 

 
0.30 

 
1.25 0.63 

 
0.12 

 
7-15-03 

 
74° 

 
0.18 

 
1.00 0.50 

 
0.12 

 
10-16-03 

 
46° 

 
0.30 

 
1.50 1.13 

 
0.12 

 
1-15-04 

 
11° 

 
0.90 

 
2.00 1.38 

 
0.48 

 
4-15-04 

 
41° 

 
0.42 

 
1.38 0.88 

 
0.06 

 
7-15-04 

 
67° 

 
0.06 

 
1.00 0.50 

 
0.00 

 
10-15-04 

 
50° 

 
0.17 

 
1.25  0.75 

 
0.04 

 
1-15-05 

 
12° 

 
0.66 

 
2.00 1.38 

 
0.30 

 
4-16-05 

 
47° 

 
0.30 

 
1.25 0.75 

 
0.00 

 
7-16-05 

 
74° 

 
0.00 

 
0.75 0.375 

 
0.00 

 
10-14-05 

 
51° 

 
0.18 

 
1.13 0.63 

 
0.18 

 
1-16-06 

 
26° 

 
0.66 

 
1.75 1.13 

 
0.24 

 
4-14-06 

 
65° 

 
0.18 

 
0.75 0.50 

 
0.00 

 
7-14-06 

 
78° 

 
0.00 

 
0.63 0.19 

 
0.00 



  

 
 
 Date 

 
 

Temp (F) 

 
North Lower Chord 
Expansion Opening 

 
Deck Expansion 
Joint Near Pier 2 

North South 

 
South Lower Chord 
Expansion Opening 

 
10-16-06 

 
50° 

 
0.30 

 
1.00 0.75 

 
0.00 

 
1-15-07 

 
41° 

 
0.30 

 
1.13 0.88 

 
0.12 

 
4-16-07 

 
34° 

 
0.36 

 
1.38 0.88 

 
0.12 

 
7-16-07 

 
70° 

 
0.06 

 
0.88 0.25 

 
0.00 

 
10-15-07 

 
56° 

 
0.12 

 
1.13 0.75 

 
0.00 

 
1-15-08 

 
19° 

 
0.42 

 
1.63 1.00 

 
0.18 

 
4-15-08 

 
41° 

 
0.36 

 
1.44 0.88 

 
0.06 

 
7-16-08 

 
83° 

 
0.00 

 
0.50 0.00 

 
0.00 

 
10-16-08 

 
56° 

 
0.12 

 
1.13 0.69 

 
0.12 

 
12-05-08 

 
23° 

 
0.36 

 
1.13 0.69 

 
0.18 

 
1-15-09 

 
7° 

 
0.73 

 
2.00 1.13 

 
0.29 

 
4-15-09 

 
46° 

 
0.60 

 
1.31 0.81 

 
0.18 

 
7-15-09* 

 
77° 

 
2.11 

 
2.88 2.44 

 
1.85 

 
N.A. – Not Available 
 
* Truss Span 1 Relocated 
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CUY-90-1524
Time Period Just Before and Subsequent to Move

(All Tiltmeters ReZeroed on 10/08/99)
(Tiltmeters #7 & #8 Reinstalled and Again Rezeroed on 10/14/03)

 





Anchor # 1 Anchor # 8 Anchor # 9 Anchor # 17

Load, kips Load, kips Load, kips Load, kips
4/7/1999 560
4/8/1999 489 499

4/14/1999 460 473 596 (Lock off) 461
5/7/1999 452 473 572 445 End of construction
7/1/1999 446 468 564 439

10/1/1999 441 467 560 440
1/1/2000 439 461 555 424
4/1/2000 432 453 546 414
7/1/2000 431 451 521 415

10/1/2000 431 451 519 416
1/1/2001 430 455 517 400
4/1/2001 421 443 513 397
7/1/2001 422 443 510 399

10/1/2001 425 445 512 403
1/1/2002 424 444 511 398
4/1/2002 421 440 508 386
7/1/2002 419 439 506 391

10/1/2002 423 442 508 396
1/1/2003 423 435 508 389

4/15/2003 416 427 501 380
8/7/2003 416 428 503 384

10/7/2003 418 429 504 387
12/31/2003 417 426 503 378
4/13/2004 408 418 494 370
7/13/2004 409 419 494 374
10/8/2004 411 422 496 377
1/7/2005 411 421 495 374
4/8/2005 407 414 485 366

7/18/2005 407 415 485 370
11/12/2005 410 419 489 374
1/10/2006 409 417 487 369
4/9/2006 399 411 487 365

7/19/2006 399 412 487 368
10/18/2006 407.3 414.8 489.6 371.7
1/18/2007 405 412 487 366
4/19/2007 401 406 501 361
7/9/2007 401 408 502 365

10/20/2007 404 411 506 369
1/7/2008 403 410 504 364

5/13/2008 397 403 497 359
7/29/2008 398 403 500 363
10/30/2008 401 407 502 366
1/12/2009 401 407 502 363
4/24/2009 393 400 494 357
8/3/2009 394 401 496 362

Date Comment

Anchor Lock off

Table 1. Numerical reading of anchor load as a function of time for anchors #1, #8, #9 and #17
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 -47.1 68.5 551.7 681.8 313.73 10.70 616.75 252.30 375.15 83.06 -40.28 -2.75
7/15/1999 -70.1 53.8 538.8 666.8 297.33 -8.15 602.80 234.35 360.30 78.72 -40.60 -2.82
8/15/1999 10.7 114.3 613.7 728.1 366.70 62.50 670.90 312.20 421.20 97.09 -40.43 -2.44
8/31/1999 12.0 114.3 617.3 732.8 369.10 63.15 675.05 314.65 423.55 97.73 -40.67 -2.44
9/15/1999 13.1 113.5 619.7 737.5 370.95 63.30 678.60 316.40 425.50 98.22 -40.89 -2.44
9/30/1999 29.6 122.3 634.4 753.4 384.93 75.95 693.90 332.00 437.85 101.92 -41.07 -2.37

10/15/1999 34.7 123.9 637.8 757.9 388.58 79.30 697.85 336.25 440.90 102.88 -41.11 -2.34
10/31/1999 39.8 127.2 646.6 762 393.90 83.50 704.30 343.20 444.60 104.29 -41.26 -2.27
11/15/1999 62.3 139.3 662.9 780.1 411.15 100.80 721.50 362.60 459.70 108.86 -41.25 -2.18
11/30/1999 73.7 146.3 670.6 788.6 419.80 110.00 729.60 372.15 467.45 111.15 -41.18 -2.13
12/15/1999 72.8 143.6 668.9 789.7 418.75 108.20 729.30 370.85 466.65 110.87 -41.28 -2.15
12/31/1999 88.8 152.1 680.1 802.5 430.88 120.45 741.30 384.45 477.30 114.08 -41.26 -2.08
3/31/2000 95.3 158.7 682.5 825.2 440.43 127.00 753.85 388.90 491.95 116.61 -41.66 -2.31
6/30/2000 60.2 138.2 662.7 804.5 416.40 99.20 733.60 361.45 471.35 110.25 -42.16 -2.46
9/30/2000 50.1 142.5 668.8 795.7 414.28 96.30 732.25 359.45 469.10 109.69 -42.26 -2.46
1/13/2001 109.5 179.9 712.3 845.5 461.80 144.70 778.90 410.90 512.70 122.27 -42.15 -2.28
4/20/2001 126.8 283.2 715.3 881.9 501.80 205.00 798.60 421.05 582.55 132.86 -39.45 -3.62
7/16/2001 68.3 149.8 674.3 837.1 432.38 109.05 755.70 371.30 493.45 114.48 -42.98 -2.74
10/9/2001 71.4 157.1 685.5 840.8 438.70 114.25 763.15 378.45 498.95 116.15 -43.12 -2.70
1/9/2002 102.7 177.8 713 872 466.38 140.25 792.50 407.85 524.90 123.48 -43.35 -2.62

4/12/2002 125.5 192.8 738.6 904.9 490.45 159.15 821.75 432.05 548.85 129.86 -44.04 -2.62
7/18/2002 62.3 151.8 706.334 859.6 445.01 107.05 782.97 384.32 505.70 117.82 -44.92 -2.72
10/8/2002 43.7 151.1 711.3 846.7 438.20 97.40 779.00 377.50 498.90 116.02 -45.30 -2.72
1/8/2003 84.7 180.5 748.5 891.8 476.38 132.60 820.15 416.60 536.15 126.13 -45.69 -2.68

4/15/2003 96.1 191.9 739.9 989.3 504.30 144.00 864.60 418.00 590.60 133.52 -47.89 -3.87
7/1/2003 57.4 168 713 959 474.35 112.70 836.00 385.20 563.50 125.59 -48.07 -3.99

10/7/2003 42.1 166.8 714 946.6 467.38 104.45 830.30 378.05 556.70 123.75 -48.24 -4.00
12/31/2003 80 197.9 753.9 985.1 504.23 138.95 869.50 416.95 591.50 133.50 -48.55 -3.91
4/13/2004 92 208.9 760.4 1006.6 516.98 150.45 883.50 426.20 607.75 136.88 -48.72 -4.07
7/13/2004 14.6 163.9 707.3 954.4 460.05 89.25 830.85 360.95 559.15 121.81 -49.29 -4.44
10/8/2004 -8.6 233.4 704.6 941 467.60 112.40 822.80 348.00 587.20 123.81 -47.21 -5.36
1/7/2005 19.5 190.4 746.5 982.5 484.73 104.95 864.50 383.00 586.45 128.34 -50.48 -4.56
4/8/2005 3.4 397.6 751.6 1003.4 539.00 200.50 877.50 377.50 700.50 142.71 -44.99 -7.24

7/18/2005 3.1 164.3 709.7 969.6 461.68 83.70 839.65 356.40 566.95 122.24 -50.24 -4.72
8/26/2005 3.1 157.5 702.5 956.3 454.85 80.30 829.40 352.80 556.90 120.43 -49.78 -4.57

10/11/2005 3.1 164.2 712.6 960.1 460.00 83.65 836.35 357.85 562.15 121.79 -50.02 -4.58
1/10/2006 3.1 191.9 742.5 997 483.63 97.50 869.75 372.80 594.45 128.05 -51.32 -4.97
4/9/2006 3.5 205.3 750.7 1018.8 494.58 104.40 884.75 377.10 612.05 130.95 -51.86 -5.26

7/19/2006 3.5 166.6 703.7 975.5 462.33 85.05 839.60 353.60 571.05 122.41 -50.15 -4.87
10/18/2006 3.5 170.2 709 967.5 462.55 86.85 838.25 356.25 568.85 122.47 -49.94 -4.76
1/18/2007 3.5 209.1 748.7 1013.1 493.60 106.30 880.90 376.10 611.10 130.69 -51.48 -5.26
4/19/2007 3.5 216.6 743.7 1021.2 496.25 110.05 882.45 373.60 618.90 131.39 -51.33 -5.50
7/11/2007 3.5 169.6 700.9 981.6 463.90 86.55 841.25 352.20 575.60 122.83 -50.16 -5.00

10/20/2007 3.5 163.4 696 963.7 456.65 83.45 829.85 349.75 563.55 120.91 -49.60 -4.79
1/7/2008 3.5 193.1 730.4 1002.9 482.48 98.30 866.65 366.95 598.00 127.74 -51.06 -5.18

5/13/2008 3.5 202.2 733 1019.1 489.45 102.85 876.05 368.25 610.65 129.59 -51.39 -5.43
7/29/2008 3.5 171.2 699.7 981.8 464.05 87.35 840.75 351.60 576.50 122.87 -50.07 -5.04

10/30/2008 3.5 185.2 717.8 985 472.88 94.35 851.40 360.65 585.10 125.20 -50.31 -5.03
1/12/2009 3.5 213.8 745.7 1020.6 495.90 108.65 883.15 374.60 617.20 131.30 -51.47 -5.43
4/24/2009 3.5 203.1 729.9 1023.9 490.10 103.30 876.90 366.70 613.50 129.76 -51.41 -5.53

8/3/2009 3.5 174 700.6 983.2 465.33 88.75 841.90 352.05 578.60 123.20 -50.05 -5.08

Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 374.9 6 549.6 471.8 350.58 190.45 510.70 462.25 238.90 92.82 -21.28 5.00
7/15/1999 368.6 -3.6 544.2 467.3 344.13 182.50 505.75 456.40 231.85 91.11 -21.48 5.03
8/15/1999 373.7 0.2 569.4 485.2 357.13 186.95 527.30 471.55 242.70 94.56 -22.62 5.13
8/31/1999 368.4 -4.7 567 486.2 354.23 181.85 526.60 467.70 240.75 93.79 -22.91 5.08
9/15/1999 365.9 -9.2 565.3 485.1 351.78 178.35 525.20 465.60 237.95 93.14 -23.05 5.10
9/30/1999 364.6 -11.7 570.1 487.6 352.65 176.45 528.85 467.35 237.95 93.37 -23.42 5.14

10/15/1999 361.7 -14.8 569.9 487.4 351.05 173.45 528.65 465.80 236.30 92.95 -23.61 5.14
10/31/1999 362.8 -13.5 575.6 493.1 354.50 174.65 534.35 469.20 239.80 93.86 -23.91 5.14
11/15/1999 365.0 -11.5 581.4 498 358.23 176.75 539.70 473.20 243.25 94.85 -24.12 5.15
11/30/1999 365.6 -11.8 583.7 500.1 359.40 176.90 541.90 474.65 244.15 95.16 -24.26 5.16
12/15/1999 368.0 -9.2 589.7 504.2 363.18 179.40 546.95 478.85 247.50 96.16 -24.43 5.18
12/31/1999 369.0 -8 592.9 506.6 365.13 180.50 549.75 480.95 249.30 96.67 -24.54 5.19
3/31/2000 379.6 7.3 617 524.1 382.00 193.45 570.55 498.30 265.70 101.14 -25.06 5.21
6/30/2000 376.1 4.4 608.9 519.1 377.13 190.25 564.00 492.50 261.75 99.85 -24.84 5.17
9/30/2000 360.7 -12.3 588.3 503.5 360.05 174.20 545.90 474.50 245.60 95.33 -24.70 5.13
1/13/2001 372.1 2.2 618.1 526.1 379.63 187.15 572.10 495.10 264.15 100.51 -25.58 5.17
4/20/2001 387.6 21 645.8 549.2 400.90 204.30 597.50 516.70 285.10 106.15 -26.13 5.19
7/16/2001 374.6 6.5 621.5 532.9 383.88 190.55 577.20 498.05 269.70 101.64 -25.70 5.12
10/9/2001 360.9 -9.4 598.9 515.8 366.55 175.75 557.35 479.90 253.20 97.05 -25.36 5.08
1/9/2002 363.5 -2.5 611.5 524.5 374.25 180.50 568.00 487.50 261.00 99.09 -25.75 5.07

4/12/2002 381.7 16.9 642.7 550.5 397.95 199.30 596.60 512.20 283.70 105.37 -26.40 5.12
7/18/2002 375 10.5 629 544.7 389.80 192.75 586.85 502.00 277.60 103.21 -26.19 5.03
10/8/2002 357.7 -9.6 599.2 523 367.58 174.05 561.10 478.45 256.70 97.32 -25.72 4.97
1/8/2003 367.3 6.5 626.7 542.7 385.80 186.90 584.70 497.00 274.60 102.15 -26.44 4.98

4/15/2003 385.9 27.3 655.3 566.2 408.68 206.60 610.75 520.60 296.75 108.20 -26.86 5.01
7/1/2003 384.7 26.3 649.2 565.6 406.45 205.50 607.40 516.95 295.95 107.62 -26.71 4.95

10/7/2003 360.6 3.5 613 539.7 379.20 182.05 576.35 486.80 271.60 100.40 -26.20 4.82
12/31/2003 372 19.4 636 558.3 396.43 195.70 597.15 504.00 288.85 104.96 -26.68 4.82
4/13/2004 389.4 39.8 665.5 583.1 419.45 214.60 624.30 527.45 311.45 111.06 -27.23 4.84
7/13/2004 379.5 27.7 643.3 571.1 405.40 203.60 607.20 511.40 299.40 107.34 -26.82 4.75
10/8/2004 361.6 10.3 615.2 550.9 384.50 185.95 583.05 488.40 280.60 101.80 -26.39 4.66
1/7/2005 367.5 16.1 630.6 561.5 393.93 191.80 596.05 499.05 288.80 104.30 -26.87 4.71
4/8/2005 388.2 35.6 662.3 587.2 418.33 211.90 624.75 525.25 311.40 110.76 -27.44 4.79

7/18/2005 382.6 26.3 647.7 580.1 409.18 204.45 613.90 515.15 303.20 108.34 -27.21 4.75
8/26/2005 373.6 15.7 629.8 566.8 396.48 194.65 598.30 501.70 291.25 104.97 -26.83 4.71

10/11/2005 365.9 6.1 617.8 557.9 386.93 186.00 587.85 491.85 282.00 102.45 -26.71 4.70
1/10/2006 376.2 17.5 639 572.2 401.23 196.85 605.60 507.60 294.85 106.23 -27.16 4.77
4/9/2006 393.8 32.7 665.7 594 421.55 213.25 629.85 529.75 313.35 111.61 -27.69 4.85

7/19/2006 384.2 20.3 646.2 582.7 408.35 202.25 614.45 515.20 301.50 108.12 -27.39 4.79
10/18/2006 365 -2 614.4 558.2 383.90 181.50 586.30 489.70 278.10 101.65 -26.90 4.74
1/18/2007 376 9.6 635.9 573.9 398.85 192.80 604.90 505.95 291.75 105.60 -27.39 4.80
4/19/2007 390.7 24.1 659.3 592.7 416.70 207.40 626.00 525.00 308.40 110.33 -27.82 4.85
7/11/2007 384.1 15 644.6 584.6 407.08 199.55 614.60 514.35 299.80 107.78 -27.58 4.81

10/20/2007 363.7 -9.6 611.5 560.6 381.55 177.05 586.05 487.60 275.50 101.02 -27.18 4.75
1/7/2008 371.2 -2.9 625.1 569.7 390.78 184.15 597.40 498.15 283.40 103.47 -27.46 4.81

5/13/2008 390.8 11.5 650.8 592.6 411.43 201.15 621.70 520.80 302.05 108.93 -27.95 4.90
7/29/2008 379.9 -2.5 629.3 579.9 396.65 188.70 604.60 504.60 288.70 105.02 -27.64 4.84

10/30/2008 365 -20.3 605.3 562.2 378.05 172.35 583.75 485.15 270.95 100.10 -27.34 4.80
1/12/2009 375.3 -11.4 624.8 575 390.93 181.95 599.90 500.05 281.80 103.51 -27.78 4.89
4/24/2009 393.1 4.8 648.3 595 410.30 198.95 621.65 520.70 299.90 108.64 -28.09 4.95

8/3/2009 384.8 -4 631.4 586.3 399.63 190.40 608.85 508.10 291.15 105.81 -27.81 4.86
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Table 2  Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 306.3 72.2 490.8 675.2 386.13 189.25 583.00 398.55 373.70 102.23 -26.17 0.56
7/15/1999 288.0 53.1 484.2 670.6 373.98 170.55 577.40 386.10 361.85 99.02 -27.04 0.54
8/15/1999 280.9 61.8 506.3 693.7 385.68 171.35 600.00 393.60 377.75 102.12 -28.49 0.36
8/31/1999 270.4 52.1 503.1 691.4 379.25 161.25 597.25 386.75 371.75 100.41 -28.98 0.34
9/15/1999 261.3 43.9 501.2 689.9 374.08 152.60 595.55 381.25 366.90 99.04 -29.44 0.32
9/30/1999 257.1 40.7 503.1 690.7 372.90 148.90 596.90 380.10 365.70 98.73 -29.77 0.32

10/15/1999 250.1 33.8 501.2 691 369.03 141.95 596.10 375.65 362.40 97.71 -30.18 0.30
10/31/1999 251.4 38 507.6 697.6 373.65 144.70 602.60 379.50 367.80 98.93 -30.43 0.26
11/15/1999 253.9 41.6 512.1 701.9 377.38 147.75 607.00 383.00 371.75 99.92 -30.52 0.25
11/30/1999 253.5 41.2 513.6 704.4 378.18 147.35 609.00 383.55 372.80 100.13 -30.68 0.24
12/15/1999 255.8 46.7 519.1 709.3 382.73 151.25 614.20 387.45 378.00 101.33 -30.77 0.21
12/31/1999 256.7 48.9 522.3 712.4 385.08 152.80 617.35 389.50 380.65 101.96 -30.87 0.20
3/31/2000 267.5 64.6 542.8 734.2 402.28 166.05 638.50 405.15 399.40 106.51 -31.40 0.13
6/30/2000 258.9 46.4 531.2 726.1 390.65 152.65 628.65 395.05 386.25 103.43 -31.63 0.20
9/30/2000 237.1 10.1 504.9 705.9 364.50 123.60 605.40 371.00 358.00 96.51 -32.02 0.29
1/13/2001 254.0 40.9 535.1 734.6 391.15 147.45 634.85 394.55 387.75 103.56 -32.39 0.15
4/20/2001 275.4 72.6 561.4 763.7 418.28 174.00 662.55 418.40 418.15 110.75 -32.47 0.01
7/16/2001 255.3 37.7 534.8 740.9 392.18 146.50 637.85 395.05 389.30 103.84 -32.65 0.13
10/9/2001 235.7 7.5 510.6 719.6 368.35 121.60 615.10 373.15 363.55 97.53 -32.80 0.22
1/9/2002 240 18.9 523.3 731 378.30 129.45 627.15 381.65 374.95 100.16 -33.08 0.15

4/12/2002 263.4 58.5 554.8 763 409.93 160.95 658.90 409.10 410.75 108.54 -33.09 -0.04
7/18/2002 255.5 40.1 566.1 754.5 404.05 147.80 660.30 410.80 397.30 106.98 -34.06 0.30
10/8/2002 231.2 3.4 508.7 726.1 367.35 117.30 617.40 369.95 364.75 97.26 -33.24 0.12
1/8/2003 249.4 38.5 540.1 754.4 395.60 143.95 647.25 394.75 396.45 104.74 -33.45 -0.04

4/15/2003 276.4 78.5 571.6 784.9 427.85 177.45 678.25 424.00 431.70 113.28 -33.28 -0.17
7/1/2003 273 69 561.4 779.9 420.83 171.00 670.65 417.20 424.45 111.42 -33.21 -0.16

10/7/2003 246.6 22.5 524.7 744.6 384.60 134.55 634.65 385.65 383.55 101.83 -33.24 0.05
12/31/2003 264.8 58.9 552.8 770.1 411.65 161.85 661.45 408.80 414.50 108.99 -33.20 -0.13
4/13/2004 291.3 97.7 584 803.2 444.05 194.50 693.60 437.65 450.45 117.57 -33.17 -0.29
7/13/2004 275.5 64.3 556.1 781 419.23 169.90 668.55 415.80 422.65 111.00 -33.14 -0.15
10/8/2004 252.8 29.9 527.5 755.8 391.50 141.35 641.65 390.15 392.85 103.66 -33.25 -0.06
1/7/2005 264 50.8 544.5 770.6 407.48 157.40 657.55 404.25 410.70 107.89 -33.24 -0.14
4/8/2005 289.9 90.7 576 802 439.65 190.30 689.00 432.95 446.35 116.41 -33.14 -0.30

7/18/2005 277.8 67.7 556.4 787.1 422.25 172.75 671.75 417.10 427.40 111.80 -33.16 -0.23
8/26/2005 266.7 46.5 539.8 771.9 406.23 156.60 655.85 403.25 409.20 107.56 -33.18 -0.13

10/11/2005 257.2 33.8 526.8 760.8 394.65 145.50 643.80 392.00 397.30 104.49 -33.12 -0.12
1/10/2006 269.3 59.9 551.2 780.4 415.20 164.60 665.80 410.25 420.15 109.93 -33.31 -0.22
4/9/2006 289.9 90 576.3 806.2 440.60 189.95 691.25 433.10 448.10 116.66 -33.32 -0.34

7/19/2006 277.7 63.9 553.8 787.8 420.80 170.80 670.80 415.75 425.85 111.42 -33.23 -0.23
10/18/2006 253.3 27.9 523.7 757.8 390.68 140.60 640.75 388.50 392.85 103.44 -33.24 -0.10
1/18/2007 267.4 54.9 546.5 778.5 411.83 161.15 662.50 406.95 416.70 109.04 -33.32 -0.22
4/19/2007 289 88.7 575.1 806.8 439.90 188.85 690.95 432.05 447.75 116.47 -33.37 -0.35
7/11/2007 280 67 558 793.6 424.65 173.50 675.80 419.00 430.30 112.43 -33.38 -0.25

10/20/2007 255.4 29.1 525 763.8 393.33 142.25 644.40 390.20 396.45 104.14 -33.37 -0.14
1/7/2008 265.4 49.2 542.8 778 408.85 157.30 660.40 404.10 413.60 108.25 -33.44 -0.21

5/13/2008 290.2 83.3 573.8 809.3 439.15 186.75 691.55 432.00 446.30 116.27 -33.55 -0.32
7/29/2008 274 55.1 548.5 787.7 416.33 164.55 668.10 411.25 421.40 110.23 -33.47 -0.23

10/30/2008 256.5 28.1 526.4 765.9 394.23 142.30 646.15 391.45 397.00 104.38 -33.49 -0.12
1/12/2009 271.1 54.9 550.3 786.8 415.78 163.00 668.55 410.70 420.85 110.08 -33.60 -0.23
4/24/2009 291.4 85.8 576.5 813.8 441.88 188.60 695.15 433.95 449.80 117.00 -33.66 -0.36

8/3/2009 279.9 62.4 556.5 797.4 424.05 171.15 676.95 418.20 429.90 112.28 -33.61 -0.26

 Table 2 Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 445.4 53.9 802 298.7 400.00 249.65 550.35 623.70 176.30 105.91 -19.98 10.02
7/15/1999 440.5 34.4 799.5 280.7 388.78 237.45 540.10 620.00 157.55 102.94 -20.11 10.36
8/15/1999 455.6 40.8 837.6 284.6 404.65 248.20 561.10 646.60 162.70 107.14 -20.79 10.84
8/31/1999 452.7 30.7 837.1 274.1 398.65 241.70 555.60 644.90 152.40 105.55 -20.86 11.03
9/15/1999 448.5 21.7 836.8 266.2 393.30 235.10 551.50 642.65 143.95 104.13 -21.03 11.17
9/30/1999 447.0 16.1 838.5 260.8 390.60 231.55 549.65 642.75 138.45 103.42 -21.14 11.30

10/15/1999 446.5 8.8 839.3 255.1 387.43 227.65 547.20 642.90 131.95 102.58 -21.24 11.45
10/31/1999 450.9 11.7 847.9 257.8 392.08 231.30 552.85 649.40 134.75 103.81 -21.37 11.53
11/15/1999 455.9 16.1 856.2 259.8 397.00 236.00 558.00 656.05 137.95 105.11 -21.40 11.61
11/30/1999 456.3 15.5 858.3 259 397.28 235.90 558.65 657.30 137.25 105.19 -21.45 11.65
12/15/1999 461.3 20.5 865.6 261.7 402.28 240.90 563.65 663.45 141.10 106.51 -21.45 11.70
12/31/1999 463.4 22.5 871.6 262.9 405.10 242.95 567.25 667.50 142.70 107.26 -21.55 11.76
3/31/2000 477.8 35.6 903.8 282.7 424.98 256.70 593.25 690.80 159.15 112.52 -22.37 11.91
6/30/2000 469.2 17.4 889.7 267.4 410.93 243.30 578.55 679.45 142.40 108.80 -22.28 12.03
9/30/2000 453.5 -23.5 856.8 240.4 381.80 215.00 548.60 655.15 108.45 101.09 -22.17 12.25
1/13/2001 476.9 5 891.3 257.6 407.70 240.95 574.45 684.10 131.30 107.95 -22.16 12.38
4/20/2001 494.8 40.8 932.8 281.2 437.40 267.80 607.00 713.80 161.00 115.81 -22.54 12.38
7/16/2001 475.7 4.9 900.7 255.9 409.30 240.30 578.30 688.20 130.40 108.37 -22.46 12.50
10/9/2001 459.3 -30.8 870.4 236.8 383.93 214.25 553.60 664.85 103.00 101.65 -22.55 12.59
1/9/2002 468.8 -18.5 883.7 241.5 393.88 225.15 562.60 676.25 111.50 104.29 -22.43 12.65

4/12/2002 492.8 22.5 926.5 270.2 428.00 257.65 598.35 709.65 146.35 113.32 -22.64 12.62
7/18/2002 483.5 3.8 911.9 257.3 414.13 243.65 584.60 697.70 130.55 109.65 -22.66 12.71
10/8/2002 462.7 -35 875.6 233 384.08 213.85 554.30 669.15 99.00 101.69 -22.63 12.77
1/8/2003 485.5 2.5 912.6 253.9 413.63 244.00 583.25 699.05 128.20 109.52 -22.55 12.79

4/15/2003 501.9 612.9 952.7 285.1 588.15 557.40 618.90 727.30 449.00 155.72 -4.09 6.23
7/1/2003 521.6 28.8 943.4 278.1 442.98 275.20 610.75 732.50 153.45 117.29 -22.30 12.97

10/7/2003 472.3 -16.5 903.8 247.5 401.78 227.90 575.65 688.05 115.50 106.38 -23.11 12.83
12/31/2003 495.5 18.6 939.3 268.7 430.53 257.05 604.00 717.40 143.65 113.99 -23.06 12.85
4/13/2004 504.6 68.9 989 299.2 465.43 286.75 644.10 746.80 184.05 123.23 -23.75 12.61
7/13/2004 487.3 36.7 961.8 277.7 440.88 262.00 619.75 724.55 157.20 116.73 -23.78 12.71
10/8/2004 468.9 -0.5 928.8 256.4 413.40 234.20 592.60 698.85 127.95 109.46 -23.82 12.79
1/7/2005 485.2 21.4 952.7 269.7 432.25 253.30 611.20 718.95 145.55 114.45 -23.79 12.85
4/8/2005 512.9 68.8 998.7 302.5 470.73 290.85 650.60 755.80 185.65 124.63 -23.91 12.77

7/18/2005 498.2 40 977.1 286.8 450.53 269.10 631.95 737.65 163.40 119.29 -24.11 12.86
8/26/2005 486.3 17.1 955.5 271.8 432.68 251.70 613.65 720.90 144.45 114.56 -24.05 12.91

10/11/2005 478.8 2.4 942.6 263.6 421.85 240.60 603.10 710.70 133.00 111.69 -24.09 12.94
1/10/2006 497.9 28.2 970.6 280.6 444.33 263.05 625.60 734.25 154.40 117.64 -24.09 12.99
4/9/2006 519.6 65.1 1008.9 306 474.90 292.35 657.45 764.25 185.55 125.74 -24.26 12.96

7/19/2006 505.7 73.4 984.2 290.7 463.50 289.55 637.45 744.95 182.05 122.72 -23.12 12.61
10/18/2006 484 -5.7 946.5 265.8 422.65 239.15 606.15 715.25 130.05 111.91 -24.39 13.11
1/18/2007 503 21.5 974.4 282.5 445.35 262.25 628.45 738.70 152.00 117.92 -24.34 13.14
4/19/2007 525.1 60.9 1012.9 309.1 477.00 293.00 661.00 769.00 185.00 126.30 -24.46 13.08
7/11/2007 533.8 36.8 994.5 295.1 465.05 285.30 644.80 764.15 165.95 123.13 -23.89 13.40

10/20/2007 487.8 -9.1 953.8 269.9 425.60 239.35 611.85 720.80 130.40 112.69 -24.76 13.23
1/7/2008 504.2 11.4 976 284.1 443.93 257.80 630.05 740.10 147.75 117.54 -24.74 13.27

5/13/2008 552.9 52.7 1019.4 315.4 485.10 302.80 667.40 786.15 184.05 128.44 -24.23 13.49
7/29/2008 533.4 17.1 989.1 295.9 458.88 275.25 642.50 761.25 156.50 121.50 -24.41 13.55

10/30/2008 494.5 -16.2 961.7 277.5 429.38 239.15 619.60 728.10 130.65 113.69 -25.28 13.38
1/12/2009 514.7 12 989.3 296.3 453.08 263.35 642.80 752.00 154.15 119.96 -25.22 13.39
4/24/2009 558.4 42.7 1024.6 321.8 486.88 300.55 673.20 791.50 182.25 128.91 -24.77 13.65

8/3/2009 521.7 18.1 1002.6 307.4 462.45 269.90 655.00 762.15 162.75 122.44 -25.59 13.43

Table 2  Tie Beam Forces and Bending Moments (Driven Pile Cap side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 468.3 92.2 387.7 511.7 364.98 280.25 449.70 428.00 301.95 96.63 -11.26 2.82
7/15/1999 460.1 81 381.5 505.7 357.08 270.55 443.60 420.80 293.35 94.54 -11.50 2.86
8/15/1999 482.3 96.1 410.7 526 378.78 289.20 468.35 446.50 311.05 100.29 -11.91 3.03
8/31/1999 490.3 101.9 422.4 535 387.40 296.10 478.70 456.35 318.45 102.57 -12.14 3.09
9/15/1999 491.0 101.4 426.3 536.4 388.78 296.20 481.35 458.65 318.90 102.94 -12.30 3.13
9/30/1999 497.9 106.7 434.7 543.6 395.73 302.30 489.15 466.30 325.15 104.78 -12.42 3.16

10/15/1999 505.0 112.3 443.2 550.9 402.85 308.65 497.05 474.10 331.60 106.66 -12.52 3.19
10/31/1999 515.6 118.8 452.5 560.9 411.95 317.20 506.70 484.05 339.85 109.07 -12.59 3.23
11/15/1999 525.0 128.3 463.4 570.2 421.73 326.65 516.80 494.20 349.25 111.66 -12.64 3.25
11/30/1999 532.5 134.9 471.5 576.8 428.93 333.70 524.15 502.00 355.85 113.57 -12.66 3.27
12/15/1999 534.1 138.1 476.5 580.2 432.23 336.10 528.35 505.30 359.15 114.44 -12.78 3.27
12/31/1999 540.4 144.3 484.4 587.2 439.08 342.35 535.80 512.40 365.75 116.25 -12.86 3.29
3/31/2000 551.1 156 501.3 602.1 452.63 353.55 551.70 526.20 379.05 119.84 -13.17 3.30
6/30/2000 533.5 137.3 477.6 577.9 431.58 335.40 527.75 505.55 357.60 114.27 -12.78 3.31
9/30/2000 539.6 136.8 480.7 575.1 433.05 338.20 527.90 510.15 355.95 114.66 -12.61 3.45
1/13/2001 571.4 169.7 522.7 611.8 468.90 370.55 567.25 547.05 390.75 124.15 -13.07 3.50
4/20/2001 580.2 184.8 537.9 624.6 481.88 382.50 581.25 559.05 404.70 127.59 -13.21 3.46
7/16/2001 555.8 159.1 508 598.6 455.38 357.45 553.30 531.90 378.85 120.57 -13.02 3.43
10/9/2001 556.2 154.1 506 595.8 453.03 355.15 550.90 531.10 374.95 119.95 -13.01 3.50
1/9/2002 572 170.3 527.3 614.7 471.08 371.15 571.00 549.65 392.50 124.73 -13.28 3.52

4/12/2002 584.6 187.7 546.3 632.8 487.85 386.15 589.55 565.45 410.25 129.17 -13.52 3.48
7/18/2002 559.5 162.1 516.1 606 460.93 360.80 561.05 537.80 384.05 122.04 -13.31 3.44
10/8/2002 557 154.4 511 599.8 455.55 355.70 555.40 534.00 377.10 120.62 -13.27 3.51
1/8/2003 591 189.2 552.8 639 493.00 390.10 595.90 571.90 414.10 130.53 -13.68 3.54

4/15/2003 597.9 204.3 567.5 650.5 505.05 401.10 609.00 582.70 427.40 133.72 -13.82 3.48
7/1/2003 580.7 184.3 545.4 632.5 485.73 382.50 588.95 563.05 408.40 128.61 -13.72 3.46

10/7/2003 578.2 176.3 538 627 479.88 377.25 582.50 558.10 401.65 127.06 -13.64 3.50
12/31/2003 610.3 207.7 572.6 661.6 513.05 409.00 617.10 591.45 434.65 135.84 -13.83 3.51
4/13/2004 617.1 224.2 589.5 675.7 526.63 420.65 632.60 603.30 449.95 139.43 -14.09 3.44
7/13/2004 584 186.6 549.1 642.6 490.58 385.30 595.85 566.55 414.60 129.89 -13.99 3.40
10/8/2004 581.8 181.2 543.7 638.3 486.25 381.50 591.00 562.75 409.75 128.74 -13.92 3.43
1/7/2005 609.9 209 574.8 669.1 515.70 409.45 621.95 592.35 439.05 136.54 -14.12 3.43
4/8/2005 617.5 225 590.2 683.9 529.15 421.25 637.05 603.85 454.45 140.10 -14.34 3.35

7/18/2005 590.4 192.7 554.7 656 498.45 391.55 605.35 572.55 424.35 131.97 -14.21 3.32
8/26/2005 584.4 183.1 544 647.8 489.83 383.75 595.90 564.20 415.45 129.69 -14.10 3.33

10/11/2005 589.3 185.9 548.5 652 493.93 387.60 600.25 568.90 418.95 130.78 -14.13 3.36
1/10/2006 616 216.1 582.8 683.4 524.58 416.05 633.10 599.40 449.75 138.89 -14.42 3.35
4/9/2006 629 235.4 605.8 701.1 542.83 432.20 653.45 617.40 468.25 143.72 -14.70 3.34

7/19/2006 595.8 199 563.1 668.3 506.55 397.40 615.70 579.45 433.65 134.12 -14.51 3.27
10/18/2006 595.6 193 557.4 662.8 502.20 394.30 610.10 576.50 427.90 132.97 -14.34 3.33
1/18/2007 622.2 223.4 590.2 694.6 532.60 422.80 642.40 606.20 459.00 141.02 -14.59 3.30
4/19/2007 624.5 231.7 598.4 701.1 538.93 428.10 649.75 611.45 466.40 142.69 -14.73 3.25
7/11/2007 594.6 199.2 561.5 670.8 506.53 396.90 616.15 578.05 435.00 134.11 -14.57 3.20

10/20/2007 588.7 187 550.3 661.8 496.95 387.85 606.05 569.50 424.40 131.58 -14.50 3.25
1/7/2008 619.8 219.6 589.6 697.1 531.53 419.70 643.35 604.70 458.35 140.73 -14.86 3.28

5/13/2008 624.3 232.4 600.5 707.3 541.13 428.35 653.90 612.40 469.85 143.27 -14.99 3.19
7/29/2008 600.8 202.7 568.1 681.9 513.38 401.75 625.00 584.45 442.30 135.93 -14.84 3.18

10/30/2008 616.5 213.5 580.6 694.2 526.20 415.00 637.40 598.55 453.85 139.32 -14.78 3.24
1/12/2009 638.2 240.2 611.7 719.3 552.35 439.20 665.50 624.95 479.75 146.25 -15.04 3.25
4/24/2009 636.5 244.8 616.5 722.1 554.98 440.65 669.30 626.50 483.45 146.94 -15.20 3.20

8/3/2009 625.3 227.2 589.2 707.8 537.38 426.25 648.50 607.25 467.50 142.28 -14.77 3.13

Table 2  Tie Beam Forces and Bending Moments (Driven Pile Cap side)(cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 -115.0 299.7 422.9 109.6 179.30 92.35 266.25 153.95 204.65 47.47 -11.56 -1.14
7/15/1999 -122.0 289 405.2 95.6 166.95 83.50 250.40 141.60 192.30 44.20 -11.09 -1.14
8/15/1999 -139.4 265.8 401.5 101.8 157.43 63.20 251.65 131.05 183.80 41.68 -12.52 -1.18
8/31/1999 -144.1 258.4 394.7 99.6 152.15 57.15 247.15 125.30 179.00 40.28 -12.63 -1.20
9/15/1999 -144.1 255.9 395.1 102 152.23 55.90 248.55 125.50 178.95 40.30 -12.80 -1.20
9/30/1999 -141.7 260.4 408.3 112.3 159.83 59.35 260.30 133.30 186.35 42.32 -13.35 -1.19

10/15/1999 -138.1 275.3 441.9 138.4 179.38 68.60 290.15 151.90 206.85 47.49 -14.72 -1.23
10/31/1999 -148.1 272.7 430.1 118.5 168.30 62.30 274.30 141.00 195.60 44.56 -14.09 -1.22
11/15/1999 -142.3 278.9 446.6 134.9 179.53 68.30 290.75 152.15 206.90 47.53 -14.78 -1.23
11/30/1999 -137.9 284.4 462 150.8 189.83 73.25 306.40 162.05 217.60 50.26 -15.49 -1.24
12/15/1999 -135.4 290 463.8 152.5 192.73 77.30 308.15 164.20 221.25 51.03 -15.34 -1.28
12/31/1999 -126.8 301.4 481.4 168.9 206.23 87.30 325.15 177.30 235.15 54.60 -15.81 -1.30
3/31/2000 -133.9 283.1 455.7 149.6 188.63 74.60 302.65 160.90 216.35 49.94 -15.16 -1.24
6/30/2000 -157.3 230.6 397.4 119.3 147.50 36.65 258.35 120.05 174.95 39.05 -14.73 -1.23
9/30/2000 -142.8 237.4 427.4 156.8 169.70 47.30 292.10 142.30 197.10 44.93 -16.27 -1.23
1/13/2001 -118.2 295.4 511.7 182.5 217.85 88.60 347.10 196.75 238.95 57.68 -17.18 -0.95
4/20/2001 -128.9 270.9 454 163.4 189.85 71.00 308.70 162.55 217.15 50.27 -15.80 -1.22
7/16/2001 -146.4 213.9 384.1 133.3 146.23 33.75 258.70 118.85 173.60 38.72 -14.95 -1.23
10/9/2001 -135.7 237.5 439.4 178.3 179.88 50.90 308.85 151.85 207.90 47.63 -17.14 -1.26
1/9/2002 -120.2 281.4 483 190.7 208.73 80.60 336.85 181.40 236.05 55.26 -17.03 -1.22

4/12/2002 -133.2 263.6 441.1 154.2 181.43 65.20 297.65 153.95 208.90 48.04 -15.45 -1.23
7/18/2002 -158.1 191.2 355.6 118 126.68 16.55 236.80 98.75 154.60 33.54 -14.64 -1.25
10/7/2002 -149.2 192.4 391.7 156.3 147.80 21.60 274.00 121.25 174.35 39.13 -16.77 -1.19
1/8/2003 -123.2 268.7 469.3 191.8 201.65 72.75 330.55 173.05 230.25 53.39 -17.13 -1.28

4/15/2003 -137.5 248.4 427.1 157.1 173.78 55.45 292.10 144.80 202.75 46.01 -15.73 -1.30
7/1/2003 -159.7 183.9 351.2 124.6 125.00 12.10 237.90 95.75 154.25 33.10 -15.01 -1.31

10/7/2003 -146.6 206.4 412.6 177.8 162.55 29.90 295.20 133.00 192.10 43.04 -17.63 -1.32
12/31/2003 -135.4 243.4 450.4 190 187.10 54.00 320.20 157.50 216.70 49.54 -17.69 -1.33
4/13/2004 -144.6 228.6 422.1 168 168.53 42.00 295.05 138.75 198.30 44.62 -16.82 -1.33
7/13/2004 -179.1 155.6 334.2 117.5 107.05 -11.75 225.85 77.55 136.55 28.34 -15.79 -1.32
10/8/2004 -169 170.9 373.7 152.9 132.13 0.95 263.30 102.35 161.90 34.98 -17.44 -1.33
1/7/2005 -145.5 227.8 440.5 188.2 177.75 41.15 314.35 147.50 208.00 47.06 -18.16 -1.36
4/8/2005 -159.4 209.2 398.5 148.8 149.28 24.90 273.65 119.55 179.00 39.52 -16.53 -1.33

7/18/2005 -182.8 141.5 330.3 131.3 105.08 -20.65 230.80 73.75 136.40 27.82 -16.71 -1.40
8/26/2005 -184 140.7 341.3 131.3 107.33 -21.65 236.30 78.65 136.00 28.42 -17.14 -1.28

10/11/2005 -174.2 159.1 370.9 131.3 121.78 -7.55 251.10 98.35 145.20 32.24 -17.19 -1.05
1/10/2006 -152.5 216.4 430.7 131.3 156.48 31.95 281.00 139.10 173.85 41.43 -16.55 -0.78
4/9/2006 -157.2 206.1 413 131.3 148.30 24.45 272.15 127.90 168.70 39.27 -16.46 -0.91

7/19/2006 -189.4 135.9 330 131.3 101.95 -26.75 230.65 70.30 133.60 26.99 -17.11 -1.42
10/18/2006 -170.5 170.2 390.6 131.3 130.40 -0.15 260.95 110.05 150.75 34.53 -17.35 -0.91
1/18/2007 -145.4 217.2 448.1 131.3 162.80 35.90 289.70 151.35 174.25 43.10 -16.87 -0.51
4/19/2007 -159.2 203.2 410.4 131.3 146.43 22.00 270.85 125.60 167.25 38.77 -16.54 -0.93
7/11/2007 -192.9 128.3 318.7 131.3 96.35 -32.30 225.00 62.90 129.80 25.51 -17.10 -1.50

10/20/2007 -183.2 145.9 358.7 131.3 113.18 -18.65 245.00 87.75 138.60 29.97 -17.52 -1.14
1/7/2008 -155.6 207.5 426.7 131.3 152.48 25.95 279.00 135.55 169.40 40.37 -16.82 -0.76

5/13/2008 -172.2 170 384.2 131.3 128.33 -1.10 257.75 106.00 150.65 33.98 -17.20 -1.00
7/29/2008 -197.5 120 328.1 131.3 95.48 -38.75 229.70 65.30 125.65 25.28 -17.84 -1.35

10/30/2008 -167.1 170 413 131.3 136.80 1.45 272.15 122.95 150.65 36.22 -17.99 -0.62
1/12/2009 -147.6 210.8 446.5 131.3 160.25 31.60 288.90 149.45 171.05 42.43 -17.10 -0.48
4/24/2009 -165.4 181.2 398 545.3 239.78 7.90 471.65 116.30 363.25 63.49 -30.82 -5.53

8/3/2009 -194.5 109.6 320.1 131 91.55 -42.45 225.55 62.80 120.30 24.24 -17.81 -1.29

1

Table 3 Tie Beam Forces and Bending Moments (Drilled Shaft side) 
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 356.2 257 201.2 275.1 272.38 306.60 238.15 278.70 266.05 72.12 4.55 0.28
7/15/1999 353.8 251.6 188.4 273.4 266.80 302.70 230.90 271.10 262.50 70.64 4.77 0.19
8/15/1999 350.0 242.8 195.3 301.1 272.30 296.40 248.20 272.65 271.95 72.10 3.20 0.02
8/31/1999 350.2 247.8 201.7 307.9 276.90 299.00 254.80 275.95 277.85 73.31 2.94 -0.04
9/15/1999 349.8 249.1 203.6 314 279.13 299.45 258.80 276.70 281.55 73.90 2.70 -0.11
9/30/1999 352.2 256.8 212.1 322.7 285.95 304.50 267.40 282.15 289.75 75.71 2.47 -0.17

10/15/1999 352.6 257.7 225.5 337.3 293.28 305.15 281.40 289.05 297.50 77.65 1.58 -0.19
10/31/1999 361.0 268.5 222.6 333.7 296.45 314.75 278.15 291.80 301.10 78.49 2.43 -0.21
11/15/1999 364.5 273.1 237.1 353.6 307.08 318.80 295.35 300.80 313.35 81.30 1.56 -0.28
11/30/1999 367.6 276.3 249.1 369.4 315.60 321.95 309.25 308.35 322.85 83.56 0.84 -0.32
12/15/1999 370.6 280.7 248.5 364.3 316.03 325.65 306.40 309.55 322.50 83.67 1.28 -0.29
12/31/1999 371.2 282.5 254.8 368.8 319.33 326.85 311.80 313.00 325.65 84.55 1.00 -0.28
3/31/2000 376.0 289.2 244.7 361.1 317.75 332.60 302.90 310.35 325.15 84.13 1.97 -0.33
6/30/2000 358.4 247.7 207.4 329.3 285.70 303.05 268.35 282.90 288.50 75.64 2.31 -0.13
9/30/2000 357.6 235.9 230.1 366.4 297.50 296.75 298.25 293.85 301.15 78.77 -0.10 -0.16
1/13/2001 382.0 289.5 264.4 384.8 330.18 335.75 324.60 323.20 337.15 87.42 0.74 -0.31
4/20/2001 382.9 294.9 260.1 378.2 329.03 338.90 319.15 321.50 336.55 87.12 1.31 -0.34
7/16/2001 352.4 249.4 219.2 330.6 287.90 300.90 274.90 285.80 290.00 76.23 1.73 -0.09
10/9/2001 357.7 267.9 262.1 382 317.43 312.80 322.05 309.90 324.95 84.04 -0.61 -0.34
1/9/2002 385.8 301.2 285.1 395.6 341.93 343.50 340.35 335.45 348.40 90.53 0.21 -0.29

4/12/2002 390.9 310.2 263.2 370.1 333.60 350.55 316.65 327.05 340.15 88.33 2.25 -0.29
7/18/2002 346.39 265.03 220.4 323.3 288.78 305.71 271.85 283.39 294.17 76.46 2.25 -0.24
10/7/2002 344.5 265.3 252.4 363.5 306.43 304.90 307.95 298.45 314.40 81.13 -0.20 -0.36
1/8/2003 385.9 308.5 295.9 394.3 346.15 347.20 345.10 340.90 351.40 91.65 0.14 -0.24

4/15/2003 392.4 317.3 275.8 371.1 339.15 354.85 323.45 334.10 344.20 89.80 2.09 -0.23
7/1/2003 360 288.1 238.7 332.8 304.90 324.05 285.75 299.35 310.45 80.73 2.55 -0.25

10/7/2003 357.1 284.5 277.7 372.1 322.85 320.80 324.90 317.40 328.30 85.48 -0.27 -0.24
12/31/2003 387.7 318.7 304.1 392.5 350.75 353.20 348.30 345.90 355.60 92.87 0.33 -0.22
4/13/2004 389.4 324.2 294.9 381.2 347.43 356.80 338.05 342.15 352.70 91.99 1.25 -0.24
7/13/2004 348 285.8 241 324.8 299.90 316.90 282.90 294.50 305.30 79.40 2.26 -0.24
10/8/2004 342.4 281.8 269.4 353.1 311.68 312.10 311.25 305.90 317.45 82.52 0.06 -0.26
1/7/2005 374.1 315.2 302.9 382.8 343.75 344.65 342.85 338.50 349.00 91.01 0.12 -0.24
4/8/2005 386.7 328.9 284.3 365 341.23 357.80 324.65 335.50 346.95 90.35 2.20 -0.26

7/18/2005 343.2 285.5 242.4 322.1 298.30 314.35 282.25 292.80 303.80 78.98 2.13 -0.25
8/26/2005 337 278.7 250.1 331.1 299.23 307.85 290.60 293.55 304.90 79.23 1.15 -0.25

10/11/2005 338.7 283.6 264.1 348.6 308.75 311.15 306.35 301.40 316.10 81.75 0.32 -0.33
1/10/2006 371.5 317.4 297 373.5 339.85 344.45 335.25 334.25 345.45 89.98 0.61 -0.25
4/9/2006 377.4 324.1 290.6 368.2 340.08 350.75 329.40 334.00 346.15 90.04 1.42 -0.27

7/19/2006 341.9 289.2 238.8 315.3 296.30 315.55 277.05 290.35 302.25 78.45 2.56 -0.27
10/18/2006 342.7 289.5 274.8 354.5 315.38 316.10 314.65 308.75 322.00 83.50 0.10 -0.30
1/18/2007 368.4 316.6 305.5 385 343.88 342.50 345.25 336.95 350.80 91.05 -0.18 -0.31
4/19/2007 370.5 320.9 279.2 353.9 331.13 345.70 316.55 324.85 337.40 87.67 1.94 -0.28
7/11/2007 326.6 278.1 219 294 279.43 302.35 256.50 272.80 286.05 73.98 3.05 -0.30

10/20/2007 325.9 278.3 243.8 321.7 292.43 302.10 282.75 284.85 300.00 77.43 1.29 -0.34
1/7/2008 359.2 310.2 282.8 353 326.30 334.70 317.90 321.00 331.60 86.39 1.12 -0.24

5/13/2008 350.5 304.1 260.9 335.4 312.73 327.30 298.15 305.70 319.75 82.80 1.94 -0.31
7/29/2008 325.9 281.2 234.5 305.4 286.75 303.55 269.95 280.20 293.30 75.92 2.23 -0.29

10/30/2008 335.7 288 283.1 360.3 316.78 311.85 321.70 309.40 324.15 83.87 -0.65 -0.33
1/12/2009 361 312.9 298.7 366.1 334.68 336.95 332.40 329.85 339.50 88.61 0.30 -0.22
4/24/2009 357 310.4 275.8 344 321.80 333.70 309.90 316.40 327.20 85.20 1.58 -0.24

8/3/2009 323.1 286.5 247.2 311.6 292.10 304.80 279.40 285.15 299.05 77.34 1.69 -0.31

Table 3  Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 177.4 380.2 417.6 236.2 302.85 278.80 326.90 297.50 308.20 80.19 -3.20 -0.24
7/15/1999 173.8 378 412.7 230.2 298.68 275.90 321.45 293.25 304.10 79.08 -3.03 -0.24
8/15/1999 172.8 380.2 439.6 252.6 311.30 276.50 346.10 306.20 316.40 82.42 -4.63 -0.23
8/31/1999 172.6 378 445.8 257.5 313.48 275.30 351.65 309.20 317.75 83.00 -5.07 -0.19
9/15/1999 170.9 377.2 447.2 261 314.08 274.05 354.10 309.05 319.10 83.16 -5.32 -0.23
9/30/1999 176.4 380.7 455.9 269.3 320.58 278.55 362.60 316.15 325.00 84.88 -5.59 -0.20

10/15/1999 176.7 378.9 468.1 279.5 325.80 277.80 373.80 322.40 329.20 86.26 -6.38 -0.15
10/31/1999 182.4 385.8 502.1 273.8 336.03 284.10 387.95 342.25 329.80 88.97 -6.90 0.28
11/15/1999 186.8 392.4 482.7 292 338.48 289.60 387.35 334.75 342.20 89.62 -6.50 -0.17
11/30/1999 189.8 396.8 638.9 305.6 382.78 293.30 472.25 414.35 351.20 101.35 -11.89 1.41
12/15/1999 193.5 401.1 516.7 302.2 353.38 297.30 409.45 355.10 351.65 93.56 -7.45 0.08
12/31/1999 194.7 406.1 507.2 308 354.00 300.40 407.60 350.95 357.05 93.73 -7.12 -0.14
3/31/2000 194.8 409 492.7 298.7 348.80 301.90 395.70 343.75 353.85 92.35 -6.23 -0.23
6/30/2000 177.7 389.4 467.2 278.7 328.25 283.55 372.95 322.45 334.05 86.91 -5.94 -0.26
9/30/2000 174.2 385.1 496.7 308 341.00 279.65 402.35 335.45 346.55 90.29 -8.15 -0.25
1/13/2001 200.0 418.2 530.3 318.6 366.78 309.10 424.45 365.15 368.40 97.11 -7.67 -0.07
4/20/2001 194.1 416.2 512.8 310.6 358.43 305.15 411.70 353.45 363.40 94.90 -7.08 -0.22
7/16/2001 166.5 386.2 469 273.8 323.88 276.35 371.40 317.75 330.00 85.75 -6.32 -0.27
10/9/2001 171.5 389.1 514.8 315.2 347.65 280.30 415.00 343.15 352.15 92.05 -8.95 -0.20
1/9/2002 193.6 413.6 539.3 324.6 367.78 303.60 431.95 366.45 369.10 97.38 -8.53 -0.06

4/12/2002 198.8 418.5 509.3 299.2 356.45 308.65 404.25 354.05 358.85 94.38 -6.35 -0.11
7/18/2002 161.4 379.1 462.4 262.6 316.38 270.25 362.50 311.90 320.85 83.77 -6.13 -0.20
10/7/2002 155.8 373.6 686.8 301.1 379.33 264.70 493.95 421.30 337.35 100.43 -15.24 1.88
1/8/2003 193.1 414 547.6 331 371.43 303.55 439.30 370.35 372.50 98.34 -9.02 -0.05

4/15/2003 195.8 419.9 560.6 305.7 370.50 307.85 433.15 378.20 362.80 98.10 -8.33 0.34
7/1/2003 172.1 394.8 479.4 273.9 330.05 283.45 376.65 325.75 334.35 87.39 -6.19 -0.19

10/7/2003 169 389.1 527.1 317.5 350.68 279.05 422.30 348.05 353.30 92.85 -9.52 -0.12
12/31/2003 196.2 423.2 560.3 334.7 378.60 309.70 447.50 378.25 378.95 100.24 -9.16 -0.02
4/13/2004 197.9 424.7 546.1 321.7 372.60 311.30 433.90 372.00 373.20 98.65 -8.15 -0.03
7/13/2004 155.6 383.5 482.7 266.1 321.98 269.55 374.40 319.15 324.80 85.25 -6.97 -0.13
10/8/2004 152.2 378.4 519 298.6 337.05 265.30 408.80 335.60 338.50 89.24 -9.54 -0.06
1/7/2005 180.6 410.6 556.1 324.9 368.05 295.60 440.50 368.35 367.75 97.45 -9.63 0.01
4/8/2005 188.3 419.5 529.1 301 359.48 303.90 415.05 358.70 360.25 95.18 -7.39 -0.03

7/18/2005 150.7 376.8 482.9 262.2 318.15 263.75 372.55 316.80 319.50 84.24 -7.23 -0.06
8/26/2005 144.7 373.1 494.1 275.3 321.80 258.90 384.70 319.40 324.20 85.20 -8.36 -0.11

10/11/2005 146.5 375.2 533.7 291.5 336.73 260.85 412.60 340.10 333.35 89.15 -10.09 0.15
1/10/2006 176 407.1 548.8 313.5 361.35 291.55 431.15 362.40 360.30 95.67 -9.28 0.05
4/9/2006 180.6 412.1 538.7 307.8 359.80 296.35 423.25 359.65 359.95 95.26 -8.43 -0.01

7/19/2006 149.4 377.4 480.1 259.8 316.68 263.40 369.95 314.75 318.60 83.85 -7.08 -0.09
10/18/2006 155.2 382.8 532.6 304.1 343.68 269.00 418.35 343.90 343.45 90.99 -9.93 0.01
1/18/2007 179.5 407.9 563.5 330.9 370.45 293.70 447.20 371.50 369.40 98.08 -10.20 0.05
4/19/2007 182.7 413.5 536 305.6 359.45 298.10 420.80 359.35 359.55 95.17 -8.15 0.00
7/11/2007 146.1 373.2 467.5 250.6 309.35 259.65 359.05 306.80 311.90 81.91 -6.61 -0.11

10/20/2007 144.3 373.6 638.9 278.5 358.83 258.95 458.70 391.60 326.05 95.01 -13.28 1.47
1/7/2008 179.2 408.8 548 312 362.00 294.00 430.00 363.60 360.40 95.85 -9.04 0.07

5/13/2008 172.2 403.9 523.7 297.2 349.25 288.05 410.45 347.95 350.55 92.47 -8.13 -0.06
7/29/2008 149.7 380.4 489.1 265 321.05 265.05 377.05 319.40 322.70 85.00 -7.44 -0.07

10/30/2008 160.1 391.8 555 321.9 357.20 275.95 438.45 357.55 356.85 94.58 -10.80 0.02
1/12/2009 185.3 417.9 568.5 328.6 375.08 301.60 448.55 376.90 373.25 99.31 -9.77 0.08
4/24/2009 179.7 414.8 539.6 308.7 360.70 297.25 424.15 359.65 361.75 95.50 -8.43 -0.05

8/3/2009 148.3 387.2 512.3 263.7 327.88 267.75 388.00 330.30 325.45 86.81 -7.99 0.11

Table 3  Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 199.5 418.4 473.6 323.8 353.83 308.95 398.70 336.55 371.10 93.68 -5.96 -0.77
7/15/1999 194.3 414.4 461.1 314.4 346.05 304.35 387.75 327.70 364.40 91.62 -5.54 -0.82
8/15/1999 191.0 402.1 488.7 347.5 357.33 296.55 418.10 339.85 374.80 94.61 -8.08 -0.78
8/31/1999 189.5 395.4 496 352.6 358.38 292.45 424.30 342.75 374.00 94.89 -8.76 -0.70
9/15/1999 186.8 391.6 503.6 359.8 360.45 289.20 431.70 345.20 375.70 95.44 -9.47 -0.68
9/30/1999 188.5 396.7 516 369 367.55 292.60 442.50 352.25 382.85 97.32 -9.96 -0.69

10/15/1999 235.3 403 530.4 378.9 386.90 319.15 454.65 382.85 390.95 102.44 -9.01 -0.18
10/31/1999 202.7 418.5 524.2 371.5 379.23 310.60 447.85 363.45 395.00 100.41 -9.12 -0.71
11/15/1999 208.9 426.2 548.2 393.2 394.13 317.55 470.70 378.55 409.70 104.35 -10.18 -0.70
11/30/1999 212.9 429.2 566.6 409.5 404.55 321.05 488.05 389.75 419.35 107.11 -11.10 -0.66
12/15/1999 216.9 433.5 561.4 403.7 403.88 325.20 482.55 389.15 418.60 106.93 -10.46 -0.66
12/31/1999 220.7 443.8 566.6 407.4 409.63 332.25 487.00 393.65 425.60 108.46 -10.28 -0.72
3/31/2000 215.2 438.2 567.9 406.5 406.95 326.70 487.20 391.55 422.35 107.75 -10.67 -0.69
6/30/2000 191.3 415.8 542.4 380.7 382.55 303.55 461.55 366.85 398.25 101.29 -10.50 -0.70
6/30/2000 183.3 409.8 571 409.9 393.50 296.55 490.45 377.15 409.85 104.19 -12.89 -0.73
1/13/2001 215.4 447.2 588.9 421.9 418.35 331.30 505.40 402.15 434.55 110.77 -11.57 -0.73
4/20/2001 210.2 445.1 586.6 415.7 414.40 327.65 501.15 398.40 430.40 109.72 -11.53 -0.72
7/16/2001 171.2 413 554.5 377.7 379.10 292.10 466.10 362.85 395.35 100.37 -11.56 -0.73
10/9/2001 178.5 417.9 596.2 418.8 402.85 298.20 507.50 387.35 418.35 106.66 -13.91 -0.69
1/9/2002 206.2 445.9 606.4 430 422.13 326.05 518.20 406.30 437.95 111.77 -12.77 -0.71

4/12/2002 208.6 449.5 584.1 408.1 412.58 329.05 496.10 396.35 428.80 109.24 -11.10 -0.73
7/18/2002 161.7 410.1 551.9 368.5 373.05 285.90 460.20 356.80 389.30 98.77 -11.58 -0.73
10/7/2002 160.2 405.5 592.3 407.7 391.43 282.85 500.00 376.25 406.60 103.64 -14.43 -0.68
1/8/2003 202 449.1 620.2 437.7 427.25 325.55 528.95 411.10 443.40 113.12 -13.52 -0.72

4/15/2003 205.4 453.6 590 409.8 414.70 329.50 499.90 397.70 431.70 109.80 -11.32 -0.76
7/1/2003 171.9 426.9 559.5 377.3 383.90 299.40 468.40 365.70 402.10 101.65 -11.23 -0.82

10/7/2003 172 424.4 600.8 422.4 404.90 298.20 511.60 386.40 423.40 107.21 -14.18 -0.83
12/31/2003 205.6 461.3 624.2 444.9 434.00 333.45 534.55 414.90 453.10 114.91 -13.36 -0.86
4/13/2004 204.7 463.4 611.5 433.1 428.18 334.05 522.30 408.10 448.25 113.37 -12.51 -0.90
7/13/2004 159.6 424.2 566.4 383.7 383.48 291.90 475.05 363.00 403.95 101.53 -12.17 -0.92
10/8/2004 153 416.8 590.5 409.5 392.45 284.90 500.00 371.75 413.15 103.91 -14.30 -0.93
1/7/2005 192.8 454.9 627.8 446.9 430.60 323.85 537.35 410.30 450.90 114.01 -14.19 -0.91
4/8/2005 205.2 467.5 600.9 425.2 424.70 336.35 513.05 403.05 446.35 112.45 -11.74 -0.97

7/18/2005 154.9 424.1 560.9 385.2 381.28 289.50 473.05 357.90 404.65 100.95 -12.20 -1.05
8/26/2005 168.3 416.1 569.1 391.2 386.18 292.20 480.15 368.70 403.65 102.25 -12.49 -0.78

10/11/2005 152.5 418.5 590.5 413.4 393.73 285.50 501.95 371.50 415.95 104.25 -14.38 -1.00
1/10/2006 190.7 455.4 615 436.7 424.45 323.05 525.85 402.85 446.05 112.38 -13.48 -0.97
4/9/2006 196.7 460.2 612.3 436.6 426.45 328.45 524.45 404.50 448.40 112.91 -13.03 -0.98

7/19/2006 159.7 426.1 562.3 382.1 382.55 292.90 472.20 361.00 404.10 101.29 -11.92 -0.97
10/18/2006 161.9 425.9 600.5 422.5 402.70 293.90 511.50 381.20 424.20 106.62 -14.46 -0.96
1/18/2007 192.2 454.2 638.5 460 436.23 323.20 549.25 415.35 457.10 115.50 -15.02 -0.94
4/19/2007 198.7 462.5 611.3 432 426.13 330.60 521.65 405.00 447.25 112.83 -12.70 -0.95
7/11/2007 149.8 419.9 567.4 379.8 379.23 284.85 473.60 358.60 399.85 100.41 -12.54 -0.92

10/20/2007 208.9 417 590.1 409 406.25 312.95 499.55 399.50 413.00 107.56 -12.40 -0.30
1/7/2008 194.6 460.1 617.4 439.8 427.98 327.35 528.60 406.00 449.95 113.31 -13.37 -0.98

5/13/2008 188 455 606 431.7 420.18 321.50 518.85 397.00 443.35 111.25 -13.12 -1.04
7/29/2008 155 428.4 572.6 394 387.50 291.70 483.30 363.80 411.20 102.60 -12.73 -1.06

10/30/2008 172.9 442.6 629.9 452.7 424.53 307.75 541.30 401.40 447.65 112.40 -15.52 -1.04
1/12/2009 205.6 472.9 638 463.6 445.03 339.25 550.80 421.80 468.25 117.83 -14.06 -1.04
4/24/2009 219.6 468 616.9 442.7 436.80 343.80 529.80 418.25 455.35 115.65 -12.36 -0.83

8/3/2009 155.2 441.6 545.8 408.9 387.88 298.40 477.35 350.50 425.25 102.70 -11.89 -1.67
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Tie # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(Kip-ft) Moment(y)(Kip-ft)

7/1/1999 222.2 -19.9 305.2 560 266.88 101.15 432.60 263.70 270.05 70.66 -22.03 -0.14
7/15/1999 207.8 -36.8 294.3 540.9 251.55 85.50 417.60 251.05 252.05 66.60 -22.07 -0.02
8/15/1999 189.9 -53.4 320.4 546.8 250.93 68.25 433.60 255.15 246.70 66.44 -24.28 0.19
8/31/1999 184.8 -60 330.2 555.2 252.55 62.40 442.70 257.50 247.60 66.87 -25.27 0.22
9/15/1999 185.7 -57.2 336.6 558.2 255.83 64.25 447.40 261.15 250.50 67.73 -25.46 0.24
9/30/1999 187.5 -53.7 349.9 570.1 263.45 66.90 460.00 268.70 258.20 69.75 -26.12 0.24

10/15/1999 195.3 -50.5 375.2 601.5 280.38 72.40 488.35 285.25 275.50 74.23 -27.64 0.22
10/31/1999 197.3 -39.9 370.8 589.7 279.48 78.70 480.25 284.05 274.90 74.00 -26.69 0.20
11/15/1999 202.5 -32.3 385.9 601.1 289.30 85.10 493.50 294.20 284.40 76.60 -27.14 0.22
11/30/1999 206.5 -27.3 398.1 613.9 297.80 89.60 506.00 302.30 293.30 78.85 -27.67 0.20
12/15/1999 216.1 -19.5 401.6 620.9 304.78 98.30 511.25 308.85 300.70 80.70 -27.44 0.18
12/31/1999 223.8 -15 410.7 633.4 313.23 104.40 522.05 317.25 309.20 82.93 -27.76 0.18
3/31/2000 203.5 -16 395.7 633.5 304.18 93.75 514.60 299.60 308.75 80.54 -27.97 -0.20
6/30/2000 149.3 -41 371.2 553.8 258.33 54.15 462.50 260.25 256.40 68.40 -27.14 0.09
6/30/2000 154.3 -22.3 411.5 580.2 280.93 66.00 495.85 282.90 278.95 74.38 -28.57 0.09
1/13/2001 197.9 7.7 446.8 627.1 319.88 102.80 536.95 322.35 317.40 84.69 -28.85 0.11
4/20/2001 167.6 1.3 434.9 589.5 298.33 84.45 512.20 301.25 295.40 78.99 -28.43 0.13
7/16/2001 112.8 -20.6 409.7 555.1 264.25 46.10 482.40 261.25 267.25 69.97 -29.00 -0.13
10/9/2001 136.9 -5.4 451.7 582.7 291.48 65.75 517.20 294.30 288.65 77.17 -30.00 0.13
1/9/2002 176.6 9 461.6 618.2 316.35 92.80 539.90 319.10 313.60 83.76 -29.71 0.12

4/12/2002 158.20 3.40 438 581.00 295.25 80.80 509.70 298.30 292.20 78.17 -28.50 0.14
7/18/2002 86.10 -23.70 405 503.86 242.87 31.20 454.53 245.65 240.08 64.30 -28.13 0.12
10/7/2002 96.1 2.90 445.20 562.80 276.75 49.50 504.00 270.65 282.85 73.28 -30.21 -0.27
1/8/2003 165.9 41.91 480.40 628.48 329.17 103.91 554.44 323.15 335.20 87.16 -29.94 -0.27

4/15/2003 147.5 33.95 455.30 592.01 307.19 90.73 523.65 301.40 312.98 81.33 -28.77 -0.26
7/1/2003 88.2 9.66 424.1 577.30 274.82 48.93 500.70 256.15 293.48 72.76 -30.02 -0.84

10/7/2003 103.5 24.24 466.9 574.34 292.25 63.87 520.62 285.20 299.29 77.38 -30.35 -0.32
12/31/2003 130.5 44.68 481.6 566.95 305.93 87.59 524.27 306.05 305.81 81.00 -29.02 0.01
4/13/2004 118.2 42.08 471.6 585.31 304.30 80.14 528.45 294.90 313.69 80.57 -29.79 -0.42
7/13/2004 49.6 8.40 430.9 548.80 259.43 29.00 489.85 240.25 278.60 68.69 -30.63 -0.86
10/8/2004 54.7 18.19 457.3 588.15 279.59 36.45 522.72 256.00 303.17 74.03 -32.32 -1.06
1/7/2005 108.7 42.65 486.4 597.82 308.89 75.67 542.11 297.55 320.23 81.78 -31.00 -0.51
4/8/2005 91.7 33.99 457.3 601.47 296.12 62.85 529.39 274.50 317.73 78.40 -31.01 -0.97

7/18/2005 28.7 12.91 432.3 605.33 269.81 20.81 518.82 230.50 309.12 71.44 -33.10 -1.76
8/26/2005 31.4 16.85 447.8 588.39 271.11 24.13 518.10 239.60 302.62 71.78 -32.83 -1.41

10/11/2005 43.7 14.58 464.4 588.60 277.82 29.14 526.50 254.05 301.59 73.56 -33.05 -1.06
1/10/2006 96.3 14.58 483.8 588.60 295.82 55.44 536.20 290.05 301.59 78.32 -31.95 -0.26
4/9/1906 87.1 29.40 477 588.60 295.52 58.25 532.80 282.05 309.00 78.25 -31.54 -0.60

7/19/1906 18.4 -2.90 430.9 588.60 258.75 7.75 509.75 224.65 292.85 68.51 -33.36 -1.53
10/18/1906 61.1 14.58 483.2 588.60 286.87 37.84 535.90 272.15 301.59 75.95 -33.10 -0.66
1/18/2007 99.2 14.58 505.9 588.60 302.07 56.89 547.25 302.55 301.59 79.98 -32.59 0.02
4/19/2007 80.5 14.58 477.1 588.60 290.19 47.54 532.85 278.80 301.59 76.83 -32.25 -0.51
7/11/2007 11.2 14.5768 431.3 588.5957 261.42 12.89 509.95 221.25 301.59 69.22 -33.03 -1.80

10/20/2007 19.8 14.5768 455.1 588.5957 269.52 17.19 521.85 237.45 301.59 71.36 -33.54 -1.44
1/7/2008 82.9 14.5768 489.6 588.5957 293.92 48.74 539.10 286.25 301.59 77.82 -32.59 -0.34

5/13/2008 44.6 14.5768 468.8 588.5957 279.14 29.59 528.70 256.70 301.59 73.91 -33.17 -1.01
7/29/2008 0.2 14.5768 442.8 588.5957 261.54 7.39 515.70 221.50 301.59 69.25 -33.78 -1.79

10/30/2008 34 14.5768 495.7 588.5957 283.22 24.29 542.15 264.85 301.59 74.99 -34.42 -0.82
1/12/2009 73.4 14.5768 498.3 588.5957 293.72 43.99 543.45 285.85 301.59 77.77 -33.19 -0.35
4/24/2009 48.7 14.5768 466.4 588.5957 279.57 31.64 527.50 257.55 301.59 74.02 -32.95 -0.99

8/3/2009 -13.3 14.5768 450 588.5957 259.97 0.64 519.30 218.35 301.59 68.83 -34.47 -1.86

Table 3  Tie Beam Forces and Bending Moments (Drilled Shaft side) (cont'd)
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 903.00 42.30 679.00 - 541.43 472.65 679.00 791.00 42.30 456.92 -73.98 99.88
07/15/99 918.00 48.00 885.00 - 617.00 483.00 885.00 901.50 48.00 520.69 -144.12 113.86
07/31/00 932.43 51.99 887.34 - 623.92 492.21 887.34 909.89 51.99 526.53 -141.66 114.44
08/15/99 940.56 34.46 923.00 - 632.67 487.51 923.00 931.78 34.46 533.91 -156.13 119.70
08/30/99 948.68 31.28 931.09 - 637.02 489.98 931.09 939.89 31.28 537.58 -158.14 121.21
09/15/99 955.75 27.83 938.36 - 640.65 491.79 938.36 947.06 27.83 540.64 -160.10 122.62
09/30/99 959.08 23.03 947.01 - 643.04 491.06 947.01 953.05 23.03 542.66 -163.47 124.06
10/15/99 963.38 18.85 954.86 - 645.70 491.12 954.86 959.12 18.85 544.90 -166.26 125.43
10/31/99 973.25 5.58 968.30 - 649.04 489.42 968.30 970.78 5.58 547.73 -171.69 128.76
11/15/99 973.34 1.26 977.48 - 650.69 487.30 977.48 975.41 1.26 549.12 -175.74 129.95
11/30/99 975.73 -2.84 980.87 - 651.25 486.45 980.87 978.30 -2.84 549.59 -177.26 130.88
12/15/99 974.96 -2.47 982.11 - 651.53 486.25 982.11 978.54 -2.47 549.83 -177.77 130.87
12/31/99 974.03 -54.00 984.71 634.91 460.02 984.71 979.37 -54.00 535.80 -188.11 137.85
03/31/00 964.52 3.86 981.83 - 650.07 484.19 981.83 973.17 3.86 548.59 -178.41 129.31
06/30/00 977.80 -36.92 980.73 - 640.54 470.44 980.73 979.27 -36.92 540.55 -182.94 135.56
09/30/00 1009.20 -10.20 1005.99 - 668.33 499.50 1005.99 1007.60 -10.20 564.01 -181.58 135.77
01/13/01 1014.12 -29.4495 1029.11 - 671.26 492.33 1029.11 1021.61 -29.45 566.48 -192.44 140.21
04/20/01 1008.27 -18.6852 1022.57 - 670.72 494.79 1022.57 1015.42 -18.69 566.02 -189.21 137.95
07/10/01 1030.41 -8.36772 1019.56 - 680.53 511.02 1019.56 1024.98 -8.37 574.30 -182.32 137.85
10/09/01 1054.25 -20.5131 1038.65 - 690.80 516.87 1038.65 1046.45 -20.51 582.96 -187.07 142.33
01/09/02 1055.96 -29.65 1045.80 - 690.70 513.15 1045.80 1050.88 -29.65 582.88 -190.96 144.14
04/12/02 1041.9 -24.8188 1040.36 - 685.81 508.54 1040.36 1041.13 -24.82 578.76 -190.66 142.20
07/19/02 1062.21 -17.26 1035.12 17.14 693.36 522.47 1035.12 1048.67 -17.26 585.12 -183.79 142.20
10/08/02 1086.38 -30.07 1049.75 -6.63 702.02 528.16 1049.75 1068.06 -30.07 592.43 -187.00 146.49
01/08/03 1080.45 -42.89 1062.94 0.41 700.17 518.78 1062.94 1071.70 -42.89 590.87 -195.09 148.69
04/15/03 1059.37 -29.65 1049.86 22.95 693.19 514.86 1049.86 1054.62 -29.65 584.99 -191.81 144.64
06/01/03 1064.93 -31.16 1053.52 21.00 695.77 516.89 1053.52 1059.23 -31.16 587.16 -192.39 145.46
08/07/03 1083.86 -27.66 1053.40 9.26 703.20 528.10 1053.40 1068.63 -27.66 593.43 -188.33 146.25
10/07/03 1095.56 -38.67 1066.64 -0.69 707.84 528.45 1066.64 1081.10 -38.67 597.35 -192.95 149.38
12/31/03 1100.15 -54.88 1082.97 -0.89 709.41 522.64 1082.97 1091.56 -54.88 598.68 -200.89 152.93
04/13/04 1080.17 -43.67 1074.07 21.65 703.52 518.25 1074.07 1077.12 -43.67 593.70 -199.27 149.51
07/13/04 1101.53 -34.89 1072.49 10.76 713.04 533.32 1072.49 1087.01 -34.89 601.74 -193.30 149.66
10/08/04 1122.82 -45.70 1085.57 -8.86 720.90 538.56 1085.57 1104.19 -45.70 608.36 -196.11 153.40
01/07/05 1116.60 -58.49 1097.39 -8.94 718.50 529.06 1097.39 1107.00 -58.49 606.34 -203.76 155.48
04/08/05 1099.01 -52.77 1096.58 5.48 714.28 523.12 1096.58 1097.80 -52.77 602.78 -205.59 153.49
07/18/05 1116.44 -41.55 1096.58 -2.36 723.82 537.44 1096.58 1106.51 -41.55 610.83 -200.46 153.15
08/26/05 1128.14 -43.63 1095.73 -10.20 726.75 542.26 1095.73 1111.93 -43.63 613.30 -198.43 154.15
11/12/05 1127.45 -44.76 1095.72 -9.67 726.14 541.34 1095.72 1111.58 -44.76 612.79 -198.75 154.26
01/10/06 1129.36 -64.30 1095.72 -19.70 720.26 532.53 1095.72 1112.54 -64.30 607.83 -201.91 156.99
04/09/06 1114.90 -55.20 1095.72 -1.14 718.47 529.85 1095.72 1105.31 -55.20 606.32 -202.87 154.81
07/19/06 1130.94 -46.83 1095.72 -9.42 726.61 542.05 1095.72 1113.33 -46.83 613.19 -198.50 154.77
10/18/06 1154.91 -58.29 1095.72 -27.50 730.78 548.31 1095.72 1125.32 -58.29 616.71 -196.26 157.89
01/18/07 1139.55 -68.49 1095.72 -21.73 722.26 535.53 1095.72 1117.64 -68.49 609.52 -200.84 158.23
04/19/07 1125.58 -58.82 1095.72 -8.49 720.83 533.38 1095.72 1110.65 -58.82 608.31 -201.61 156.01
07/09/07 1141.38 -47.08 1095.72 -16.09 730.01 547.15 1095.72 1118.55 -47.08 616.05 -196.67 155.50
10/20/07 1161.81 -62.03 1095.72 -36.23 731.84 549.89 1095.72 1128.77 -62.03 617.60 -195.69 158.85
01/07/08 1155.60 -68.08 1095.72 -28.03 727.75 543.76 1095.72 1125.66 -68.08 614.15 -197.89 159.24
05/13/08 1100.48 -46.92 1095.72 7.39 716.43 526.78 1095.72 1098.10 -46.92 604.59 -203.97 152.75
07/29/08 1158.20 -57.76 1095.72 -17.10 732.05 550.22 1095.72 1126.96 -57.76 617.78 -195.57 158.04
10/30/08 1172.74 -73.81 1095.72 -23.97 731.55 549.47 1095.72 1134.23 -73.81 617.36 -195.84 161.15
01/12/09 1163.28 -77.95 1095.72 -8.29 727.02 542.66 1095.72 1129.50 -77.95 613.53 -198.28 161.07
04/24/09 1152.80 -63.12 1095.72 5.40 728.47 544.84 1095.72 1124.26 -63.12 614.75 -197.50 158.40
8/3/2009 1178.59 -62.3923 1095.72 -0.16248 737.31 558.10 1095.72 1137.16 -62.39 622.21 -192.75 160.02

Table 4 Pile Forces and Bending Moments
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 575.00 589.00 243.00 - 469.00 582.00 243.00 409.00 589.00 395.79 121.54 -24.01
07/15/99 585.00 602.00 237.00 - 474.67 593.50 237.00 411.00 602.00 400.57 127.81 -25.48
07/30/99 594.35 611.17 230.68 - 478.73 602.76 230.68 412.52 611.17 404.00 133.40 -26.50
08/15/99 596.87 611.09 242.58 336.68 446.81 603.98 289.63 419.73 473.89 377.06 112.70 -7.22
08/31/99 601.58 616.82 241.00 - 486.47 609.20 241.00 421.29 616.82 410.53 132.00 -26.08
09/15/99 605.96 622.42 240.47 - 489.62 614.19 240.47 423.22 622.42 413.19 133.98 -26.57
09/30/99 609.62 624.20 240.71 336.98 452.88 616.91 288.85 425.17 480.59 382.18 117.62 -7.39
10/15/99 612.87 629.40 240.27 336.21 454.69 621.14 288.24 426.57 482.81 383.71 119.35 -7.50
10/31/99 616.45 631.80 243.11 336.29 456.91 624.13 289.70 429.78 484.05 385.59 119.90 -7.24
11/15/99 619.54 632.45 245.83 337.79 458.90 626.00 291.81 432.69 485.12 387.27 119.81 -6.99
11/30/99 623.35 635.58 248.71 340.31 461.99 629.47 294.51 436.03 487.95 389.87 120.09 -6.93
12/15/99 624.21 637.77 247.77 339.95 462.43 630.99 293.86 435.99 488.86 390.24 120.87 -7.05
12/31/99 626.60 640.86 249.37 341.45 464.57 633.73 295.41 437.99 491.16 392.05 121.29 -7.09
03/31/00 634.53 648.30 254.69 346.89 471.10 641.41 300.79 444.61 497.60 397.56 122.12 -7.07
06/30/00 640.05 652.80 250.99 342.06 471.48 646.43 296.53 445.52 497.43 397.88 125.44 -6.93
09/30/00 647.16 661.13 247.62 336.78 473.17 654.14 292.20 447.39 498.96 399.31 129.76 -6.88
01/13/01 654.063 665.1119 256.39 342.22 479.45 659.59 299.31 455.23 503.67 404.61 129.16 -6.46
04/20/01 654.429 664.7057 260.37 345.47 481.25 659.57 302.92 457.40 505.09 406.12 127.86 -6.36
07/10/01 661.456 672.0985 256.15 342.75 483.11 666.78 299.45 458.80 507.43 407.70 131.69 -6.49
10/09/01 668.361 679.0039 251.93 338.20 484.37 673.68 295.06 460.14 508.60 408.76 135.74 -6.46
01/09/02 671.083 683.4721 252.17 337.92 486.16 677.28 295.04 461.63 510.69 410.27 137.04 -6.55
04/12/02 669.17 680.02 256.68 342.06 486.98 674.60 299.37 462.93 511.04 410.96 134.52 -6.42
07/19/02 671.69 683.96 253.27 272.93 470.46 677.83 263.10 462.48 478.44 397.02 148.69 -2.13
10/08/02 678.60 692.21 247.01 332.37 487.54 685.40 289.69 462.80 512.29 411.44 141.87 -6.60
01/08/03 678.44 689.32 251.28 334.22 488.31 683.88 292.75 464.86 511.77 412.09 140.22 -6.26
04/15/03 679.45 692.45 254.73 341.09 491.93 685.95 297.91 467.09 516.77 415.14 139.12 -6.63
06/01/03 678.76 689.85 256.43 341.09 491.53 684.30 298.76 467.60 515.47 414.80 138.22 -6.39
08/07/03 682.33 695.54 251.15 336.74 491.44 688.94 293.95 466.74 516.14 414.73 141.61 -6.59
10/07/03 686.23 700.57 250.14 334.87 492.95 693.40 292.50 468.19 517.72 416.00 143.73 -6.61
12/31/03 689.48 700.61 257.04 341.05 497.05 695.05 299.04 473.26 520.83 419.46 141.97 -6.35
04/13/04 689.24 699.88 260.70 346.65 499.12 694.56 303.68 474.97 523.27 421.21 140.14 -6.44
07/13/04 693.10 667.59 255.46 341.33 489.37 680.34 298.39 474.28 504.46 412.98 136.93 -4.03
10/08/04 699.03 710.89 250.83 337.39 499.53 704.96 294.11 474.93 524.14 421.56 147.30 -6.56
01/07/05 699.07 711.46 253.31 339.95 500.95 705.26 296.63 476.19 525.70 422.75 146.50 -6.61
04/08/05 696.43 708.09 257.94 343.81 501.57 702.26 300.87 477.18 525.95 423.27 143.90 -6.51
07/18/05 699.56 708.33 253.71 338.36 499.99 703.94 296.04 476.64 523.35 421.94 146.24 -6.23
08/26/05 702.04 711.17 250.91 335.97 500.02 706.61 293.44 476.47 523.57 421.97 148.13 -6.28
11/12/05 701.95 699.60 251.68 337.06 497.57 700.78 294.37 476.82 518.33 419.90 145.70 -5.54
01/10/06 705.16 715.03 253.47 339.58 503.31 710.10 296.53 479.32 527.31 424.75 148.27 -6.40
04/09/06 703.94 713.04 259.52 343.20 504.93 708.49 301.36 481.73 528.12 426.11 145.96 -6.19
07/19/06 708.37 716.01 256.84 339.95 505.29 712.19 298.39 482.61 527.98 426.42 148.35 -6.05
10/18/06 713.29 721.25 251.76 334.02 505.08 717.27 292.89 482.52 527.63 426.24 152.14 -6.02
01/18/07 712.84 717.96 256.52 336.54 505.96 715.40 296.53 484.68 527.25 426.98 150.17 -5.68
04/19/07 711.13 716.21 260.62 340.56 507.13 713.67 300.59 485.88 528.38 427.97 148.10 -5.67
07/09/07 713.04 716.74 255.22 334.18 504.79 714.89 294.70 484.13 525.46 426.00 150.64 -5.51
10/20/07 715.97 721.74 250.87 329.51 504.52 718.85 290.19 483.42 525.62 425.77 153.68 -5.63
01/07/08 719.26 723.93 256.47 335.12 508.69 721.59 295.79 487.87 529.52 429.29 152.65 -5.56
05/13/08 696.51 707.19 257.94 343.56 501.30 701.85 300.75 477.22 525.38 423.05 143.80 -6.42
07/29/08 720.07 723.56 259.40 335.76 509.70 721.82 297.58 489.74 529.66 430.14 152.09 -5.33
10/30/08 723.81 727.50 255.66 332.68 509.91 725.66 294.17 489.74 530.09 430.32 154.69 -5.38
01/12/09 723.20 727.59 259.07 336.66 511.63 725.39 297.87 491.14 532.12 431.76 153.27 -5.47
04/24/09 722.67 727.02 262.49 324.47 509.16 724.84 293.48 492.58 525.74 429.68 154.65 -4.42
8/3/2009 721.858 726.6512 260.618 338.324 511.86 724.25 299.47 491.24 532.49 431.96 152.29 -5.50
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 546.00 501.00 248.00 173 367.00 523.50 210.50 397.00 337.00 309.71 112.21 8.00
07/15/99 557.00 513.00 243.00 229 385.50 535.00 236.00 400.00 371.00 325.32 107.20 3.87
07/30/99 565.55 519.94 239.54 224.26 387.32 542.75 231.90 402.55 372.10 326.86 111.44 4.06
08/15/99 567.71 520.14 230.56 232.51 387.73 543.93 231.54 399.14 376.33 327.21 112.00 3.04
08/31/99 573.72 526.52 247.46 232.87 395.14 550.12 240.17 410.59 379.70 333.46 111.12 4.12
09/15/99 578.06 532.08 246.65 233.61 397.60 555.07 240.13 412.36 382.85 335.53 112.91 3.94
09/30/99 582.49 534.97 247.46 234.05 399.74 558.73 240.76 414.98 384.51 337.34 114.00 4.06
10/15/99 586.68 538.17 247.25 235.23 401.83 562.43 241.24 416.97 386.70 339.11 115.15 4.04
10/31/99 590.77 539.40 249.37 235.6 403.79 565.09 242.49 420.07 387.50 340.75 115.66 4.34
11/15/99 592.65 540.65 251.68 237.47 405.61 566.65 244.58 422.17 389.06 342.30 115.47 4.42
11/30/99 596.63 527.25 254.12 239.69 404.42 561.94 246.91 425.38 383.47 341.29 112.94 5.59
12/15/99 599.47 545.53 254.12 239.05 409.54 572.50 246.59 426.80 392.29 345.61 116.84 4.60
12/31/99 601.54 548.45 255.38 239.17 411.14 575.00 247.28 428.46 393.81 346.96 117.49 4.62
03/31/00 610.32 554.87 262.08 243.60 417.72 582.59 252.84 436.20 399.23 352.51 118.22 4.93
06/30/00 616.94 539.60 260.98 238.93 414.11 578.27 249.96 438.96 389.26 349.47 117.70 6.63
09/30/00 625.63 400.76 255.58 232.18 378.54 513.19 243.88 440.61 316.47 319.45 96.55 16.56
01/13/01 632.372 566.6896 264.44 235.84 424.83 599.53 250.14 448.40 401.26 358.52 125.26 6.29
04/20/01 632.575 561.5309 268.38 236.21 424.67 597.05 252.29 450.48 398.87 358.38 123.60 6.88
07/10/01 639.684 569.2893 264.64 234.54 427.04 604.49 249.59 452.16 401.91 360.38 127.23 6.70
10/09/01 646.508 576.5197 259.81 232.14 428.74 611.51 245.97 453.16 404.33 361.82 131.05 6.51
01/09/02 650.895 576.8446 259.68 230.92 429.59 613.87 245.30 455.29 403.88 362.53 132.14 6.86
04/12/02 650.123 570.1017 264.192 232.55 429.24 610.11 248.37 457.16 401.33 362.24 129.69 7.45
07/19/02 653.45 572.46 260.90 226.38 428.30 612.96 243.64 457.18 399.42 361.44 132.40 7.71
10/08/02 659.69 581.14 254.65 222.68 429.54 620.41 238.66 457.17 401.91 362.49 136.86 7.37
01/08/03 657.76 576.89 257.57 224.47 429.17 617.32 241.02 457.67 400.68 362.18 134.91 7.60
04/15/03 661.78 576.19 262.16 228.04 432.04 618.99 245.10 461.97 402.12 364.60 134.04 7.98
06/01/03 661.37 572.66 264.07 227.59 431.43 617.02 245.83 462.72 400.13 364.08 133.07 8.35
08/07/03 665.76 577.29 258.18 222.76 431.00 621.53 240.47 461.97 400.03 363.72 136.61 8.26
10/07/03 669.26 582.73 256.11 222.56 432.66 625.99 239.33 462.68 402.65 365.13 138.62 8.01
12/31/03 670.27 581.39 262.53 229.62 435.95 625.83 246.08 466.40 405.51 367.90 136.15 8.12
04/13/04 669.42 576.64 266.47 232.35 436.22 623.03 249.41 467.94 404.49 368.12 133.95 8.46
07/13/04 672.95 578.63 261.80 224.79 434.54 625.79 243.29 467.37 401.71 366.71 137.13 8.76
10/08/04 677.95 587.12 255.42 222.31 435.70 632.53 238.87 466.68 404.72 367.69 141.14 8.27
01/07/05 677.50 586.02 257.61 226.05 436.80 631.76 241.83 467.56 406.04 368.61 139.80 8.21
04/08/05 674.17 580.83 263.14 227.80 436.48 627.50 245.47 468.65 404.31 368.35 136.96 8.58
07/18/05 677.87 580.70 259.40 221.74 434.93 629.29 240.57 468.63 401.22 367.04 139.36 8.99
08/26/05 679.25 583.30 256.27 219.43 434.56 631.28 237.85 467.76 401.37 366.73 141.05 8.86
11/12/05 679.13 583.14 256.88 220.08 434.81 631.13 238.48 468.00 401.61 366.93 140.77 8.86
01/10/06 679.45 587.32 257.33 223.00 436.78 633.39 240.17 468.39 405.16 368.60 140.97 8.43
04/09/06 679.57 583.14 263.01 226.46 438.05 631.36 244.74 471.29 404.80 369.67 138.61 8.87
07/19/06 683.27 585.78 260.94 222.31 438.08 634.53 241.63 472.11 404.05 369.69 140.86 9.08
10/18/06 687.01 592.40 255.09 218.66 438.29 639.70 236.88 471.05 405.53 369.87 144.42 8.74
01/18/07 685.10 588.58 259.16 221.83 438.67 636.84 240.49 472.13 405.20 370.19 142.10 8.93
04/19/07 685.18 584.40 264.40 222.96 439.23 634.79 243.68 474.79 403.68 370.67 140.22 9.49
07/09/07 687.74 584.85 259.24 215.85 436.92 636.29 237.55 473.49 400.35 368.72 142.96 9.76
10/20/07 690.01 591.22 253.79 213.46 437.12 640.62 233.63 471.90 402.34 368.89 145.91 9.28
01/07/08 691.80 593.86 258.30 218.94 440.73 642.83 238.62 475.05 406.40 371.93 144.91 9.16
05/13/08 675.23 578.71 263.42 226.74 436.03 626.97 245.08 469.32 402.73 367.96 136.91 8.88
07/29/08 694.93 590.45 261.06 217.03 440.87 642.69 239.05 478.00 403.74 372.05 144.71 9.91
10/30/08 696.63 596.14 256.52 215.81 441.28 646.39 236.16 476.57 405.98 372.39 147.07 9.42
01/12/09 695.50 595.73 258.34 219.55 442.28 645.61 238.95 476.92 407.64 373.24 145.80 9.24
04/24/09 696.39 592.69 262.28 221.66 443.26 644.54 241.97 479.34 407.17 374.06 144.32 9.63
8/3/2009 695.252 591.9959 258.953 219.632 441.46 643.62 239.29 477.10 405.81 372.55 144.96 9.51

18

Table 4 Pile Forces and Bending Moments (cont'd)

14



Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 566.97 586.00 298.00 228.9 419.97 576.49 263.45 432.49 407.45 354.41 112.23 3.34
07/15/99 580.00 597.00 294.00 224 423.75 588.50 259.00 437.00 410.50 357.60 118.13 3.54
07/30/99 588.71 606.46 291.38 218.62 426.29 597.59 255.00 440.05 412.54 359.75 122.82 3.67
08/15/99 591.02 607.35 300.95 227.92 431.81 599.19 264.44 445.99 417.64 364.40 120.01 3.78
08/31/99 595.94 613.52 300.59 229.63 434.92 604.73 265.11 448.27 421.58 367.03 121.76 3.56
09/15/99 599.88 617.91 300.67 229.54 437.00 608.90 265.11 450.28 423.73 368.78 123.25 3.54
09/30/99 603.53 621.65 302.70 229.75 439.41 612.59 266.23 453.12 425.70 370.82 124.18 3.66
10/15/99 607.51 625.02 302.29 229.71 441.13 616.27 266.00 454.90 427.37 372.27 125.57 3.67
10/31/99 611.37 627.25 306.07 229.7 443.60 619.31 267.89 458.72 428.48 374.35 125.99 4.03
11/15/99 613.61 627.78 308.31 232.67 445.59 620.70 270.49 460.96 430.23 376.04 125.55 4.10
11/30/99 616.29 630.54 313.83 234.7 448.84 623.42 274.27 465.06 432.62 378.78 125.17 4.33
12/15/99 617.83 631.44 314.03 234.9 449.55 624.64 274.47 465.93 433.17 379.38 125.54 4.37
12/31/99 619.94 634.20 314.36 236.45 451.24 627.07 275.41 467.15 435.33 380.80 126.08 4.25
03/31/00 629.45 639.44 320.33 239.74 457.24 634.44 280.03 474.89 439.59 385.86 127.06 4.71
06/30/00 636.15 643.50 317.81 51.91 412.34 639.83 184.86 476.98 347.71 347.98 163.11 17.25
09/30/00 646.59 651.99 312.33 231.29 460.55 649.29 271.81 479.46 441.64 388.66 135.33 5.04
01/13/01 653.454 657.0691 320.21 236.77 466.88 655.26 278.49 486.83 446.92 394.00 135.08 5.32
04/20/01 651.464 653.2102 324.03 237.42 466.53 652.34 280.72 487.74 445.32 393.71 133.23 5.66
07/10/01 658.856 661.1717 320.61 235.03 468.92 660.01 277.82 489.74 448.10 395.72 137.02 5.55
10/09/01 667.346 669.2551 315.37 230.97 470.74 668.30 273.17 491.36 450.11 397.25 141.66 5.50
01/09/02 670.88 671.7736 315.66 229.71 472.00 671.33 272.68 493.27 450.74 398.32 142.92 5.67
04/12/02 667.71 665.64 321.06 231.62 471.51 666.68 276.34 494.39 448.63 397.90 139.94 6.10
07/19/02 673.44 667.87 319.88 227.72 472.23 670.66 273.80 496.66 447.79 398.51 142.28 6.52
10/08/02 681.93 676.18 313.24 222.91 473.56 679.05 268.07 497.58 449.54 399.64 147.34 6.41
01/08/03 682.42 673.60 316.88 225.03 474.48 678.01 270.96 499.65 449.32 400.42 145.93 6.71
04/15/03 686.11 672.95 321.26 228.37 477.17 679.53 274.81 503.69 450.66 402.69 145.10 7.07
06/01/03 685.30 670.80 322.48 227.84 476.60 678.05 275.16 503.89 449.32 402.21 144.44 7.28
08/07/03 689.12 675.35 317.28 223.09 476.21 682.23 270.18 503.20 449.22 401.87 147.72 7.20
10/07/03 694.48 681.03 314.64 222.27 478.11 687.76 268.46 504.56 451.65 403.47 150.32 7.06
12/31/03 695.94 680.95 322.73 229.34 482.24 688.45 276.03 509.33 455.15 406.96 147.86 7.23
04/13/04 695.62 676.77 330.77 231.41 483.64 686.19 281.09 513.19 454.09 408.15 145.23 7.88
07/13/04 700.37 679.61 327.88 224.22 483.02 689.99 276.05 514.13 451.92 407.62 148.40 8.30
10/08/04 706.18 688.67 321.87 221.22 484.48 697.43 271.54 514.03 454.94 408.86 152.68 7.88
01/07/05 705.37 688.14 324.72 224.55 485.69 696.75 274.63 515.04 456.35 409.88 151.34 7.83
04/08/05 702.85 682.86 329.75 226.66 485.53 692.86 278.21 516.30 454.76 409.74 148.66 8.21
07/18/05 706.50 683.55 327.15 219.55 484.19 695.03 273.35 516.83 451.55 408.61 151.18 8.71
08/26/05 708.05 686.48 322.81 217.89 483.80 697.26 270.35 515.43 452.18 408.28 153.05 8.44
11/12/05 707.97 686.27 323.74 218.33 484.08 697.12 271.04 515.85 452.30 408.51 152.76 8.48
01/10/06 710.04 690.54 324.68 221.62 486.72 700.29 273.15 517.36 456.08 410.74 153.13 8.17
04/09/06 709.47 686.72 329.75 224.34 487.57 698.10 277.05 519.61 455.53 411.46 150.95 8.55
07/19/06 714.26 690.38 328.09 220.57 488.32 702.32 274.33 521.17 455.47 412.10 153.44 8.76
10/18/06 718.93 696.80 321.91 216.75 488.60 707.86 269.33 520.42 456.77 412.33 157.22 8.49
01/18/07 717.19 692.98 326.63 219.88 489.17 705.08 273.25 521.91 456.43 412.81 154.82 8.73
04/19/07 716.98 689.52 331.50 221.54 489.89 703.25 276.52 524.24 455.53 413.42 152.99 9.17
07/09/07 720.64 690.13 327.60 214.47 488.21 705.39 271.04 524.12 452.30 412.00 155.72 9.58
10/20/07 723.97 695.70 321.18 211.96 488.20 709.83 266.57 522.58 453.83 411.99 158.92 9.17
01/07/08 725.43 698.46 326.71 217.89 492.12 711.95 272.30 526.07 458.17 415.30 157.62 9.06
05/13/08 703.58 681.44 330.20 225.12 485.08 692.51 277.66 516.89 453.28 409.36 148.73 8.49
07/29/08 728.03 696.92 329.23 216.75 492.73 712.47 272.99 528.63 456.83 415.82 157.56 9.58
10/30/08 730.876 701.5886 324.269 216.383 493.28 716.23 270.33 527.57 458.99 416.28 159.86 9.15
01/12/09 729.576 702.3198 327.478 220.079 494.86 715.95 273.78 528.53 461.20 417.62 158.52 8.98
04/24/09 729.901 699.3545 332.393 220.851 495.62 714.63 276.62 531.15 460.10 418.26 157.03 9.48
8/3/2009 728.398 698.9077 328.535 220.364 494.05 713.65 274.45 528.47 459.64 416.93 157.46 9.18
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Pile # Date ε1 ε2 ε3 ε4 Avg. ε (ε1+ε2)/2 (ε3+ε4)/2 (ε1+ε3)/2 (ε2+ε4)/2 Axial Force(Kip) Moment(x)(=Kip-ft) Moment(y)(Kip-ft)
07/01/99 271.75 436.00 261.00 583.00 387.94 353.88 422.00 266.38 509.50 327.38 -24.42 -32.43
07/15/99 279.00 617.00 253.00 583.00 433.00 448.00 418.00 266.00 600.00 365.41 10.76 -44.56
07/30/99 282.79 647.00 243.64 585.13 439.64 464.90 414.39 263.22 616.07 371.01 18.11 -47.07
08/15/99 272.89 690.09 251.16 614.66 457.20 481.49 432.91 262.03 652.38 385.83 17.42 -52.07
08/31/99 265.66 576.80 245.14 627.09 428.67 421.23 436.12 255.40 601.95 361.76 -5.34 -46.23
09/15/99 265.08 802.81 242.34 635.26 486.37 533.95 438.80 253.71 719.04 410.45 34.11 -62.07
09/30/99 260.50 807.40 238.64 642.65 487.30 533.95 440.65 249.57 725.03 411.23 33.45 -63.43
10/15/99 256.43 811.14 234.46 648.58 487.65 533.79 441.52 245.45 729.86 411.53 33.08 -64.62
10/31/99 240.47 824.02 221.62 665.31 487.86 532.25 443.47 231.05 744.67 411.70 31.83 -68.52
11/15/99 241.93 831.45 224.75 676.77 493.73 536.69 450.76 233.34 754.11 416.65 30.81 -69.47

11/31/99 240.47 835.88 224.26 648.85 487.37 538.18 436.56 232.37 742.37 411.29 36.43 -68.03
12/15/99 241.41 836.77 222.35 684.04 496.14 539.09 453.20 231.88 760.41 418.69 30.79 -70.51
12/31/99 242.22 836.08 224.14 684.93 496.84 539.15 454.54 233.18 760.51 419.29 30.34 -70.35
03/31/00 257.37 828.85 237.38 675.92 499.88 543.11 456.65 247.38 752.38 421.85 31.00 -67.37
06/30/00 266.43 846.32 225.20 500.93 459.72 556.37 363.06 245.81 673.62 387.96 69.30 -57.07
09/30/00 257.37 895.02 196.89 705.00 513.57 576.19 450.94 227.13 800.01 433.40 44.90 -76.42
01/13/01 247.90 856.11 197.37 729.58 507.74 552.01 463.47 222.64 792.84 428.48 31.74 -76.07
04/20/01 44.66 883.01 212.28 457.21 399.29 463.83 334.74 128.47 670.11 336.96 46.28 -72.25
07/10/01 -279.94 502.86 204.24 66.21 123.34 111.46 135.22 -37.85 284.53 104.09 -8.52 -43.01
10/09/01 442.16 725.37 50.98 1199.89 604.60 583.76 625.44 246.57 962.63 510.22 -14.94 -95.52
01/09/02 263.63 616.73 159.27 765.05 451.17 440.18 462.16 211.45 690.89 380.74 -7.88 -63.96
04/12/02 67.35 579.97 58.13 501.01 301.61 323.66 279.57 62.74 540.49 254.53 15.81 -63.73
07/19/02 288.69 941.04 187.83 727.59 536.29 614.86 457.71 238.26 834.31 452.57 56.34 -79.51
10/08/02 277.15 962.54 162.58 740.98 535.81 619.84 451.78 219.86 851.76 452.17 60.25 -84.29
01/08/03 256.07 949.53 162.24 758.66 531.62 602.80 460.45 209.15 854.10 448.64 51.04 -86.04
04/15/03 277.19 928.37 189.53 744.52 534.90 602.78 467.03 233.36 836.45 451.41 48.67 -80.45
06/01/03 277.96 939.01 184.90 749.68 537.89 608.49 467.29 231.43 844.35 453.93 50.62 -81.76
08/07/03 288.69 965.09 171.66 750.09 543.88 626.89 460.87 230.17 857.59 458.98 59.52 -83.70
10/07/03 274.96 978.21 155.53 762.84 542.89 626.58 459.19 215.25 870.53 458.14 60.01 -87.41
12/31/03 258.26 983.57 156.83 795.22 548.47 620.92 476.03 207.55 889.40 462.86 51.95 -90.96
04/13/04 281.17 960.30 188.88 781.65 553.00 620.73 485.27 235.03 870.97 466.68 48.57 -84.84
07/13/04 302.86 991.98 173.93 772.27 560.26 647.42 473.10 238.40 882.12 472.80 62.50 -85.87
10/08/04 295.63 1004.49 151.19 786.40 559.43 650.06 468.80 223.41 895.45 472.10 64.99 -89.65
01/07/05 277.35 997.91 148.79 798.02 555.52 637.63 473.41 213.07 897.97 468.80 58.88 -91.36
04/08/05 286.74 978.21 166.99 788.76 555.17 632.47 477.87 226.86 883.49 468.51 55.43 -87.59
07/18/05 304.00 1000.02 160.94 783.60 562.14 652.01 472.27 232.47 891.81 474.39 64.44 -87.96
08/26/05 301.85 1018.4 147.73 791.81 564.94 660.12 469.77 224.79 905.09 476.76 68.24 -90.75
11/12/05 300.51 1018.3 147.82 793.35 564.99 659.40 470.58 224.16 905.83 476.80 67.70 -90.93
01/10/06 274.59 1009.41 138.15 808.34 557.62 642.00 473.24 206.37 908.87 470.58 60.50 -93.71
04/09/06 283.04 986.09 160.45 798.02 556.90 634.57 479.23 221.74 892.06 469.97 55.69 -89.42
07/19/06 295.67 1009.41 149.73 796.56 562.84 652.54 473.14 222.70 902.98 474.98 64.32 -90.75
10/18/06 284.79 1030.77 131.20 808.38 563.79 657.78 469.79 207.99 919.58 475.78 67.40 -94.92
01/18/07 270.29 1012.82 134.82 813.33 557.81 641.55 474.08 202.55 913.08 470.74 60.04 -94.78
04/19/07 282.35 996.04 153.99 805.37 559.44 639.20 479.68 218.17 900.71 472.11 57.19 -91.05
07/09/07 306.44 1014.48 154.64 795.38 567.74 660.46 475.01 230.54 904.93 479.11 66.49 -89.96
10/20/07 290.51 1037.35 126.69 809.72 566.07 663.93 468.21 208.60 923.54 477.71 70.17 -95.37
01/07/08 274.06 1024.92 128.89 820.48 562.09 649.49 474.69 201.48 922.70 474.35 62.67 -96.21
05/13/08 292.26 978.90 169.79 784.94 556.47 635.58 477.37 231.03 881.92 469.61 56.72 -86.83
07/29/08 293.44 1034.59 136.97 816.54 570.39 664.02 476.76 215.20 925.57 481.35 67.13 -94.76
10/30/08 272.32 1053.97 115.20 839.53 570.25 663.14 477.37 193.76 946.75 481.24 66.60 -100.45
01/12/09 261.92 1033.74 121.25 842.38 564.82 647.83 481.81 191.58 938.06 476.65 59.52 -99.58
04/24/09 280.03 1016.80 140.55 827.06 566.11 648.42 483.80 210.29 921.93 477.74 59.02 -94.93
8/3/2009 278.491 1039.1 137.417 844.571 574.89 658.80 490.99 207.95 941.84 485.15 60.16 -97.90
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 Shaft #1, Bending moment vs. date in different elevations below the top of cap
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 Shaft #9, Bending moment vs. date in different elevations below the top of cap
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Depth, ft
Date

7/1/1999 -357.65 -148.91 -2.99 242.13 107.23 94.27 103.67 221.87 109.32 92.67 66.77 48.25 -38.94 91.57

1/8/2003 -774.82 -792.9 -360.63 403.12 139.71 -1.79 473.87 620.31 11.19 262.65 439.51 230.65 -179.6 668.9

4/15/2003 -657.74 -650 -232.57 481.71 156.43 -14.02 517.65 659.68 2.44 268.91 457.85 238.57 -192.49 684.79

7/1/2003 -763.24 -602.42 -72.91 660.28 319.17 32.14 588.57 715.87 14.21 278.09 474.99 251.23 -206 702.94

8/7/2003 -817.04 -638.73 -81.08 678 343.79 44.44 615.09 726.92 17.44 279.15 477.58 254.31 -210.32 708.78

10/7/2003 -913.81 -801.08 -248.05 552.54 251.84 20.93 623.3 710.92 6.8 271.9 474.43 265.38 -225.46 720.58

12/31/2003 -870.9 -838.68 -322.24 476.14 168.18 -13.93 630.87 701.76 -19.51 263.35 479.49 275.24 -220.96 748.57

4/13/2004 -831.87 -777.37 -255.87 514.98 175.37 -24.83 659.66 727.03 -27.47 269.67 495.81 277.88 -211.65 763.52

7/13/2004 -889.99 -676.85 -77.13 709.38 338.24 22.05 727.23 792.27 -5.75 281.7 512.3 283.5 -221.34 787.54

10/8/2004 -983.05 -812 -201.66 636.33 293 16.71 752.87 793.14 -7.37 272.19 514.89 286.68 -231.1 803.15

1/7/2005 -925.21 -882.29 -353.38 471.75 139.59 -39.87 733.05 761.38 -34.6 264.1 510.62 288.64 -223.06 817.18

4/8/2005 -775.03 -726 -235.05 530.47 150.69 -53.27 749.88 786.67 -40.37 267.3 525.48 290.73 -219.8 828.14

7/18/2005 -957.73 -709.43 -81.75 735.77 338.65 7.97 821.52 856.49 -16.82 278.53 538.72 298.79 -226.87 837.24

8/26/2005 -1005.57 -755.34 -117.03 721.71 336.36 13.6 835.13 860.64 -16.18 278.76 539.43 301.65 -233.64 840.82

10/11/2005 -1033.08 -827.24 -199.79 654.9 284.17 7.2946 833.72 848.04 -26.29 273.5 537.36 299.33 -240.08 843.25

1/10/2006 -918.83 -858.03 -339.71 489.13 122.55 -48.55 810.18 815.92 -54.94 262.93 536.1 298.82 -234.11 855.77

4/9/2006 -901.14 -812 -289.67 510.35 123.88 -55.75 815.9 831.32 -58.19 267.19 540.25 311.97 -239.53 860

7/19/2006 -975.46 -709.09 -86.84 727.21 303.99 -3.19 876.46 899.71 -33.29 280.02 563.21 306.55 -235.87 865.96 

10/18/2006 -1030.45 -848.40 -245.88 609.17 218.59 -17.57 872.05 872.96 -49.65 267.05 557.80 306.95 -246.77 873.58 

1/18/2007 -1015.18 -915.62 -363.79 485.63 115.44 -53.84 856.23 849.07 -71.01 257.71 555.06 310.45 -258.05 878.10 

4/19/2007 -904.71 -791.93 -272.27 527.72 122.40 -65.28 862.30 869.52 -74.95 259.50 564.85 305.74 -254.07 882.60 

7/11/2007 -990.93 -694.73 -72.44 749.91 312.39 -2.99 910.88 934.53 -49.88 269.47 582.93 306.29 -251.96 888.31 

10/20/2007 -1018.74 -786.18 -177.53 678.23 265.08 -13.72 915.47 922.26 -57.70 265.45 581.36 309.85 -259.55 895.13 

1/7/2008 -932.03 -833.86 -321.36 513.46 112.58 -59.96 880.84 888.07 -82.44 252.01 576.25 309.48 -259.33 899.85 

5/13/2008 -996.59 -767.07 -192.33 624.95 201.21 -38.80 905.64 926.40 -76.11 259.32 583.95 312.62 -259.90 906.34 

7/29/2008 -1053.77 -718.38 -76.47 765.95 324.25 -0.78 940.74 969.80 -60.05 264.41 595.70 316.01 -256.75 910.18 

10/30/2008 -1167.90 -922.92 -282.64 616.39 225.65 -17.33 923.18 942.58 -71.33 250.22 588.42 319.79 -262.90 917.28 

1/12/2009 -1034.86 -891.22 -348.32 515.18 122.37 -59.52 897.50 919.11 -89.73 244.09 587.79 315.77 -261.12 920.05 

4/24/2009 -1006.70 -789.14 -233.12 597.06 178.13 -48.78 909.07 952.43 -84.81 254.86 599.21 316.70 -258.94 923.92 

8/3/2009 -1113.1 -740.6 -87.7 774.1 335.4 6.9 946.7 998.5 -66.3 263.2 610.9 322.9 -259.2 930.6

115 13564.8 74.8 84.8 94.835.5 42 47 54.89.5 16 22.5 29

Shaft 1: Bending moment along shaft, kip-ft
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Depth, ft

Date

7/1/1999 -67.89 -31.81 8.56 12.84 20.8 19.57 14.07 0.61 9.79 11.62 -33.33 18.35 26.3

1/8/2003 -347.44 -803.74 -998.93 -1106.33 -698.39 -903.77 -661.43 -353.18 324.27 -148.11 -1315.52 540.06 541.35

4/15/2003 -592.31 -919.8 -1050.61 -1133.34 -723.59 -939.66 -696.63 -369.12 336.59 -143.51 -1378.77 555.2 549.67

7/1/2003 -666.55 -902.38 -1016.77 -1090.93 -713.88 -914.42 -686.74 -395.16 340.01 -144.29 -1435.98 557.09 553.5

8/7/2003 -687.84 -917.2 -1003.18 -1072.98 -695.58 -886.87 -664.36 -384.64 352 -133.3 -1462.27 566.15 565.69

10/7/2003 -490.45 -863.81 -1007.81 -1107.14 -708.81 -891.63 -656.83 -378.93 360.91 -134.77 -1498.83 577.44 567.18

12/31/2003 -514.68 -913.27 -1054.9 -1163.2 -741.63 -949.18 -697.72 -421.12 390.01 -101.42 -1555.5 633.83 579.35

4/13/2004 -604.44 -966.22 -1090.5 -1188 -761.54 -987.22 -743.54 -446.54 402.54 -82.56 -1609.1 644.77 582.97

7/13/2004 -817.01 -1007.24 -1051.35 -1122.59 -730.91 -933.53 -709.92 -447.66 411.36 -83.06 -1648.19 649.1 585.94

10/8/2004 -674.74 -949.72 -1005.93 -1128.49 -732.6 -927.74 -697.54 -445.16 413.37 -90.78 -1677.71 652.24 581.64

1/7/2005 -572.76 -951.94 -1036.44 -1183 -760.9 -966.49 -718.51 -441.27 424.15 -94.18 -1699.91 657.05 573.07

4/8/2005 -773.86 -1039.72 -1072.89 -1200.56 -775.89 -989.82 -743.85 -446.59 435.56 -92.57 -1726.57 664.45 574.55

7/18/2005 -885.57 -1041.08 -1038.29 -1152.24 -752.36 -948.63 -719.09 -449.39 438.06 -89.12 -1762.02 670.82 576.24

8/26/2005 -835.5 -1020.01 -1028.45 -1146.98 -746.96 -933.35 -702.48 -447.31 442.02 -86.41 -1773.96 672.92 595.07

10/11/2005 -749.53 -997.4 -1026.45 -1157.47 -750.11 -932.26 -695.29 -445.61 446.57 -84.01 -1786.07 677.93 594.21

1/10/2006 -735.54 -1025.94 -1070.26 -1220.95 -784.71 -983.06 -728.35 -455.6 455.8 -79.41 -1811.1 694.94 585.21

4/9/2006 -761.63 -1055.46 -1104.66 -1250.13 -799.79 -1009.4 -750.25 -456.86 465.33 -75.95 -1830.39 709.25 584.13

7/19/2006 -986.65 -1097.57 -1069.44 -1182.51 -765.49 -967.32 -726.98 -458.20 468.35 -67.36 -1860.26 728.74 591.17 

10/18/2006 -785.55 -1028.56 -1059.04 -1198.03 -770.44 -962.79 -714.95 -455.21 472.24 -63.08 -1878.38 742.33 587.52 

1/18/2007 -652.26 -1012.08 -1093.82 -1249.92 -798.31 -1001.31 -738.72 -453.20 481.92 -62.15 -1891.06 749.16 583.45 

4/19/2007 -878.81 -1101.41 -1131.14 -1269.03 -817.30 -1023.35 -760.98 -458.74 484.61 -55.95 -1908.23 757.20 587.07 

7/11/2007 -1020.68 -1113.23 -1096.67 -1211.04 -787.54 -982.11 -738.79 -463.61 490.76 -47.79 -1930.33 760.68 591.55 

10/20/2007 -959.39 -1084.45 -1073.44 -1199.41 -780.45 -961.01 -714.61 -460.69 495.15 -40.84 -1949.93 755.58 587.47 

1/7/2008 -913.31 -1106.23 -1119.18 -1262.45 -816.00 -1007.26 -741.89 -466.44 500.87 -33.08 -1965.87 755.43 582.76 

5/13/2008 -919.37 -1116.30 -1144.79 -1275.67 -828.86 -1025.45 -760.98 -473.48 501.61 -23.44 -1981.23 753.14 584.24 

7/29/2008 -1028.17 -1130.81 -1113.35 -1223.79 -801.01 -987.62 -739.09 -483.79 512.25 -5.89 -2001.20 757.38 590.22 

10/30/2008 -795.34 -1059.58 -1112.41 -1254.85 -817.39 -995.34 -732.06 -493.84 517.37 5.70 -2022.36 758.24 590.22 

1/12/2009 -836.22 -1106.04 -1150.74 -1297.76 -843.09 -1034.72 -761.65 -500.28 517.27 10.26 -2032.78 756.89 590.85 

4/24/2009 -934.29 -1139.31 -1176.94 -1312.72 -852.96 -1055.92 -785.35 -508.19 520.21 14.73 -2038.11 752.38 597.26 

8/3/2009 -1070.48 -1160.32 -1134.36 -1237.86 -817.86 -1008.41 -748.97 -512.81 531.72 22.57 -2057.15 752.54 604.10 

13570 80 95 11537 43.25 50 6011 17.5 24 30.5

Shaft 9: Bending moment along shaft, kip-ft
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Inclinometer #1 Displacement in the A+ Direction 
Downslope (Toward River direction) Base Line 12/11/1998

Incremental

0

15

30

45

60

75

90

105

120

135

150
-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Displacement (in.)

D
ep

th
 (f

t)

3/6/1999

7/29/2008

10/30/2008

1/12/2009

4/24/2009

8/3/2009

Cumulative

0

15

30

45

60

75

90

105

120

135

150
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Displacement (in.)

3/6/1999

7/29/2008

10/30/2008

1/12/2009

4/24/2009

8/3/2009

21



 
 
 
 
 
 
 

Inclinometer #3 Displacement in the A+ Direction 
Downslope (Toward river direction) Base Line 12/11/1998

Incremental
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Inclinometer #8 Displacement in the A+ Direction 
Downslope (Toward River direction) Base Line 12/11/1998 

Incremental
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Inclinometer #9A Displacement in the A+ Direction 
Downslope (Toward River direction) Base Line 12/11/1998 

Incremental
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Inclinometer #10 Displacement in the A+ Direction 
Downslope (Toward river direction) Base Line 12/11/1998
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Inclinometer #17 Displacement in the A+ Direction 
Downslope (Toward river direction) Base Line 12/11/1998
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Inclinometer #1 Displacement in the B+ South Direction 
(90 Deg Clockwise from A+direction) Base Line 12/11/1998

Incremental
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Inclinometer #3 Displacement in the B+ South Direction 
(90 Deg Clockwise from A+direction) Base Line 12/11/1998

Incremental
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Inclinometer #8 Displacement in the B+ South Direction 
(90 Deg Clockwise from A+ direction) Base Line 12/11/1998 

Incremental
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Inclinometer #9A Displacement in the B+ South Direction 
(90 Deg Clockwise from A+ Direction) Base Line 12/11/1998 

Incremental
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Inclinometer #10 Displacement in the B+ South Direction 
(90 Deg Clockwise from A+direction) Base Line 12/11/1998 
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Inclinometer #17 Displacement in the B+ South Direction 
(90 Deg Clockwise from A+direction) Base Line 12/11/1998 
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December 1, 2009 
012-00946-300 
 
 
Mr. Dean A. Palmer, P.E. 
Richland Engineering Limited 
29 North Park Street 
Mansfield, Ohio 44902 
 
 
Re:  CUY-90-14.52/15.24 Bridge (PID No. 77332) 
 Quarterly Report - Field Monitoring Services 

October 2009 (Fourth Quarter) 
 
 
Dear Mr. Palmer: 
 
BBC&M Engineering, Inc. (BBCM) has completed the field monitoring services for the 
October 2009 quarter as part of the CUY-90-14.52/15.24 project.  This quarterly report 
presents our general site observations and the results and evaluation of data collected 
from all the actively monitored instrumentation (inclinometers, piezometers and 
calipered distance locations) installed by BBCM at or near the West Abutment of the 
existing I-90 Central Viaduct Bridge. 
 
A total of 19 inclinometers, six (6) pneumatic piezometers and 18 vibrating wire (VW) 
piezometers are actively monitored as part of the project.  A Summary Table and Site 
Plan of Active Instrumentation are submitted as Plates 1 and 2 of the Appendix.  
Quarterly readings were taken during the period of October 19 through October 23, 
2009.   
  
Inclinometers 
 
All the data sets presented in the Appendix have been corrected for measured spiral of 
the inclinometer casings and for systematic errors such as bias-shift, sensor rotation 
and depth positioning error, where necessary.  The rates of movements were computed 
using linear regression for the depth ranges shown on the Displacement vs. Time plots 
in the Appendix.   
 
No significant changes in the rates of movements were observed in the inclinometers 
between the July 2009 and October 2009 quarterly readings with the exception of the 
cantilever displacement observed in the inclinometer at B-105A (subsequently 
discussed).   
 
Shallow Failure Plane 
 
No shallow slip-plane movements have been observed in the inclinometers within the 
Pier 1 stabilization system (B-204 and B-05-04) since completion of construction of the 
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stabilization system.  In the vicinity of Pier 1 just outside of the stabilization system (B-
05-03 and B-108A), the shallow failure plane is continuing to move at an average rate of 
about 0.07 inches per year (in/yr) from 2006 to the present.  Upslope from Pier 1 (B-
203, B-303, and B-05-02), the shallow failure plane is continuing to move at an average 
rate of about 0.02 in/yr from 2004 to the present.   
 
Well outside the Pier 1 Area (B-05-16), the shallow failure plane is moving at an 
average rate of about 0.15 in/yr from 2006 to the present.  This is a slight decrease from 
the rate of 0.16 in/yr as reported in BBCM’s July 2009 Quarterly Report, dated August 7, 
2009.  Additionally, the rate of the shallow movement in B-05-16 has decreased to 
about 0.10 in/yr from January 2007 to the present.  The rate decreases in B-05-16 are 
largely due to the fact that there appears to be minimal change in the cantilever 
displacement observed from a depth of 3 to 11 feet since October 2007 (see Plate 51 in 
the Appendix).  
 
Deep Failure Plane  
 
South of the West End Pier (B-102 and B-107), the deep failure plane continues to 
move at an average rate of about 0.03 in/yr from around 2000 to the present.  In the 
Pier 1 area (B-203, B-204, B-303, B-105A, B-108A, B-05-02, B-05-03 and B-05-04), the 
deep failure plane continues to move at an average rate of about 0.03 in/yr from 2004 
(or 2006 for new or replacement inclinometers) to the present.  Well outside the Pier 1 
area (B-05-16), the deep failure plane continues to move at an average rate of 0.02 
in/yr.   
 
Additional Observations in Active Inclinometers Installed between 1994 and 1999 
 
The B-101 inclinometer has indicated nominal movement since its installation.  The 
inclinometer at P-9N (installed in one of the drilled shafts) indicates the top of the drilled 
shaft is restrained laterally and that the maximum lateral deflection is about one (1) inch 
and occurs approximately 40 to 60 feet below the top of the inclinometer casing.  
 
The inclinometer at B-303 may need to be abandoned soon due to the “kink” in the 
inclinometer casing at a depth of about 95 feet.  It has become somewhat difficult both 
to lower and raise the probe and obtain consistent readings at this depth of 95 feet.  
 
Additional Observations in Active Inclinometers Installed in 2006 
 
From about October 2007 to January 2009, the cantilever displacement observed in B-
105A to a depth of about 60 to 70 feet (see Plates 22 and 23 in the Appendix) 
significantly increased from a rate of about 0.16 in/yr to about 1.32 in/yr.  From January 
2009 to July 2009, the rate decreased significantly to about 0.05 in/yr.  Between July 
2009 and October 2009, the rate of movement again increased as a cantilever 
displacement of just over 0.25 inches was observed.  It is believed that the bulkhead at 
this location may be progressively leaning outwards toward the Cuyahoga River.  A 
Displacement vs. Time plot for B-105A has been submitted as Plate 26 in the Appendix.   
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Discussion of Slope Movement Rate Changes 
 
Table 1 below summarizes the changes in the rates of movement that have been 
observed in five (5) of the inclinometers. 
 
Table 1:  Summary of Rate Changes in Some Inclinometers – CUY-90-14.52/15.24 

Inclinometer Failure Plane 
Time Ranges 

Evaluated 

Avg. Rate of 
Movement within 

Time Range (in/yr) 

Percentage Increase in 
the Avg. Rate of 

Movement of Time 
Range #2 Compared to 

Time Range #1 (%) 

B-204 Deep (117’-119’) 
#1 - Jan 04 - Apr 08 0.025 -- 
#2 -  Apr 08 – Oct 08 0.065 160 
#3 -  Oct 08 – Oct 09 Negligible/Negative1 -- 

B-303 Deep (95’-99’) 
#1 - Jan 04 – Apr 08 0.03 -- 
#2 -  Apr 08 – Oct 08 0.095 217 
#3 -  Oct 08 – Oct 09 Negligible/Negative1 -- 

B-05-03 

Shallow (35’-39’) 
#1 - Jun 06 – Apr 08 0.075 -- 
#2 - Apr 08 – Oct 08 0.30 300 
#3 - Oct 08 – Oct 09 0.065 -- 

Deep (123’-125’) 
#1 - Jun 06 – Apr 08 0.03 -- 
#2 - Apr 08 – Oct 08 0.23 667 
#3 - Oct 08 – Oct 09 0.06 -- 

B-05-04 Deep (117’-119’) 
#1 - Jun 06 – Apr 08 0.015 -- 
#2 - Apr 08 – Oct 08 0.055 267 
#3 - Oct 08 – Oct 09 0.015 -- 

B-105A Deep (105’-111’) 
#1 - Jun 06 – Oct 07 0.015 -- 
#2 - Oct 07 – Jan 09 0.065 333 
#3 - Jan 09 – Oct 09 0.04 -- 

* The rate of movement is either negative, which is not realistic, or negligible.  Time Range #3 is based only on 4 to 5 quarterly 
readings.  Several more readings are needed to better define the current rate of movement.  As such, negligible/negative rates of 
movements may be caused by the limitations of the accuracy of the instrumentation.   
 
     
Based on the reported rates of movements for Time Range #3 in Table 1, it appears 
that the trend of decreased rates of movements has continued to the present in the five 
(5) inclinometers listed in the table.  These inclinometers are located underneath or east 
of the existing I-90 bridge near the east right-of-way fence where aggregate piles of 
variable sizes have been stored for many years and where the bulkhead appears to be 
moving outward (adjacent to B-105A).  It appears that the rate increases observed 
previously (Time Range #2 in Table 1) were a short term occurrence.   
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Piezometers  
 
Pneumatic Piezometers 
 
The results of the active pneumatic piezometer readings taken on October 19 and 20, 
2009 are summarized in Table 2 below.   
 
Table 2:  Summary of Readings for Active Pneumatic Piezometers – CUY-90-15.24 

Piezometer Identifier 
Ground Surface 

Elevation (ft) 
Elevation Head, 

he (ft) 
Pore Pressure 

Reading, u (psi) 
Total Head, 

ht (ft) 
B-101 
(P-1*) 

orange 676.6 626.3 0.4 627.2 
pink 676.6 552.3 32.1 626.4 

B-105 
(P-3*) 

pink 585.6 497.6 38.4 586.2 
blue 585.6 479.9 48.1 590.9 

B-107 
(P-5*) orange 662.3 562.3 25.1 620.2 

B-303 
(P-2*) pink 627.0 586.2 7.0 602.4 

*BBCM installed pneumatic piezometers at the locations of the P borings in 1994.  However, these piezometers were eventually 
renamed to the nearest inclinometers. 
 
The piezometers at B-101 pink, B-105 pink, B-107 and B-303 exhibited slightly lower 
readings than those recorded in July 2009, whereas the piezometers at B-101 orange 
and B-105 blue exhibited slightly higher readings.  Note that the piezometers at B-105 
continue to indicate elevated water pressures (i.e., a total head above the ground 
surface, artesian conditions).  Total Head vs. Time plots have been submitted as Plates 
52 through 55 in the Appendix of this report.   
 
Vibrating Wire (VW) Piezometers  
 
Table 3 on the next page provides a summary of the maximum and minimum values of 
all the pressure readings taken from July 2009 (end of previous reporting period) to the 
time when the collected data was last downloaded from VW Miniloggers between 
October 19 and 22, 2009.   
 
The measured total head values were relatively constant during the current reporting 
period with total head values changing no more than 2.0 feet in all the VW piezometers 
except at B-05-01 (discussed subsequently).  In two of the VW piezometers (86126T at 
B-05-02 and 86135T at B-05-12), readings were only taken at the time of download in 
October 2009.  At 86126T, it was determined that a faulty battery was the cause of 
scheduled readings being missed by the Minilogger.  At 86135T, the batteries appeared 
to be functioning.  Therefore, it was likely that the 21964 Minilogger at B-05-12 
malfunctioned as it has in the past and we recommend that it be replaced.  Total Head 
vs. Time plots have been submitted as Plates 56 through 64 in the Appendix.   
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Table 3:  Summary of Readings for VW Piezometers – CUY-90-14.52  

Piezometer Identifier 

Time Interval of 
Readings 
Reported 1 

Max./Min. 
Temp. 

Rdg. (°C) 

Ground 
Surface 
Elev. (ft) 

Elev. 
Head, he 

(ft) 

Max./Min. Pore 
Pressure 

Rdg., u (psi) 

Max./Min. 
Total Head, 

ht (ft) 

B-05-01 

86124T - 
65 ft 7/17/09 to 10/19/09 12.8/12.6 675.4 610.4 13.4/12.2 641.4/638.5 

86125T - 
95 ft 7/17/09 to 10/19/09 13.1/13.1 675.4 580.4 24.7/23.7 637.3/635.1 

B-05-02 

86126T - 
46 ft 10/21/092 12.02 617.9 571.9 8.22 590.82 

86127T - 
122 ft 7/21/09 to 10/21/09 12.2/12.2 605.1 573.1 40.7/40.2 589.7/588.7 

B-05-03 

86128T - 
32 ft 7/20/09 to 10/21/09 11.3/11.0 605.1 573.1 8.1/7.3 591.9/589.9 

86129T - 
112 ft 7/20/09 to 10/21/09 12.5/12.5 605.1 493.1 41.7/40.9 589.4/588.1 

B-05-04 

86130T - 
59 ft 7/20/09 to 10/22/09 12.8/12.7 600.8 541.8 18.0/17.5 583.5/582.3 

86131T - 
119 ft 7/20/09 to 10/22/09 12.9/12.9 600.8 481.8 45.0/44.8 585.7/585.3 

B-05-07 

86455T - 
102 ft 7/17/09 to 10/20/09 12.4/12.4 678.9 576.9 24.5/24.0 633.4/632.3 

86456T - 
220 ft 7/17/09 to 10/20/09 12.0/11.9 678.9 458.9 71.9/71.5 624.9/623.9 

B-05-08 

86132T - 
65.5 ft 7/17/09 to 10/19/09 12.6/12.6 679.9 614.4 12.8/12.2 643.9/642.6 

86133T - 
110.5 ft 7/17/09 to 10/19/09 12.4/12.3 679.9 569.4 29.8/29.3 638.2/637.1 

B-05-11 

86457T - 
95 ft 7/17/09 to 10/21/09 12.7/12.7 675.1 580.1 24.1/23.6 635.7/634.6 

86458T - 
130 ft 7/17/09 to 10/21/09 12.6/12.6 675.1 545.1 37.0/36.5 630.5/629.4 

B-05-12 

86134T - 
75 ft 7/20/09 to 10/21/09 12.8/12.7 652.7 577.7 18.9/18.4 621.3/620.2 

86135T - 
120 ft 10/21/093 12.53 652.7 532.7 37.23 618.43 

B-05-13 

86459T - 
60 ft 7/21/09 to 10/22/09 12.6/12.6 580.0 520.0 24.7/24.2 576.9/575.9 

86460T - 
135 ft 7/21/09 to 10/22/09 12.7/12.7 580.0 445.0 60.5/60.4 584.7/584.3 

1 – Readings generally were taken automatically every 8 hours during the reported time interval. 
2 – Due to a faulty battery, no readings were taken during the reported time interval.  Readings were only taken at the time of 
download in October 2009. 
3 – Due to a malfunction of Minilogger, no readings were taken during the reported time interval.  Readings were only taken at 
the time of download in October 2009.  The Minilogger will likely need to be replaced. 
 
The 86460T piezometer in B-05-13 continues to indicate an elevated water pressure 
(i.e., a total head above the ground surface, artesian conditions) similar to that observed 
in the pneumatic piezometers at B-105 previously discussed.  Between August 3 and 
August 11, 2009, the Miniloggers for the 86124T and 86125T piezometers at B-05-01 
recorded pressure decreases of 1.23 psi and 0.96 psi, respectively, which corresponds 
to a decrease in total head of 2.8 feet and 2.2 feet.  The pressures measured by both 
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piezometers began to gradually increase again between August 11 and August 24, 
2009 to levels such that the total head measured in both piezometers was within 0.4 to 
0.5 feet of the total head values recorded prior to relatively sudden pressure decrease.  
The Total Head vs. Time plot shown on Plate 56 in the Appendix illustrates these 
changes.  This rapid pore pressure change has not been observed in these B-05-01 
piezometers since the summer of 2006 when the piezometers were first installed.  It is 
unknown what may have been the cause of the sudden pore pressure changes at B-05-
01 as the piezometers were installed well above the elevation of the shale bedrock 
where natural gas has been known to accumulate at other locations within the project 
area.  Also, distinct slope movements have not yet been observed in the inclinometer at 
B-05-01. 
 
Additional Field Measurements and Observations 
 
The two calipered surface distance locations (left and right) are provided in the Site Plan 
of Active Instrumentation (Plate 2 of the Appendix).  A Calipered Surface Distance 
Table and Calipered Distance Readings vs. Time plots have been included as Plates 65 
through 67 in the Appendix.  The left calipered location indicates the gap is continuing to 
open at a rate of about 0.05 in/yr.  The gap at the right calipered location is closing at a 
rate of about 0.015 in/yr.  This is a slight decrease in the rate of about 0.02 in/yr as 
reported in BBCM’s July 2009 Quarterly Report.  The right calipered location has been 
oscillating above and below a distance of about 4.4 inches since late 2000 indicating 
that there might not be a trend.     
 
In October 2009, the aggregate piles were similar in size and location to those observed 
in July 2009.  An aggregate pile roughly 25 to 30 feet high was observed within 15 feet 
of the east right-of-way fence and covered roughly less than 50 percent of the adjacent 
property (see Plates 68 through 70).  A smaller aggregate pile was observed near the 
east end of the property as shown in the photo submitted as Plate 70 in the Appendix.   
 
The large excavation and the repair effort of the bulkhead near the west right-of-way 
fence appear to remain unfinished as of October 2009.  The small landslide adjacent to 
the large excavation near the west right-of-way fence (just north of B-05-16, see Plate 2 
in the Appendix for the approximate landslide location) does not appear to have 
experienced a significant change since the quarterly readings were last taken in July 
2009.   However, it was difficult to visually observe the scarps on the slope due to the 
heavy vegetation throughout the landslide area.  
 
Personnel and construction equipment from Kokosing Construction Company, Inc. was 
onsite removing the exterior lanes from the existing I-90 Central Viaduct Bridge while 
BBCM personnel were taking readings in October 2009.  
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Closing 
 
We appreciate being of continued service during this project.  Please contact our office 
if you have any questions or require additional information.  Our current monitoring 
contract is set to expire at the end of 2009.  Therefore, no future readings are planned 
to be performed by BBCM.  
 
Sincerely, 
BBC&M ENGINEERING, INC. 
Cleveland, Ohio 
 
 
    
Jeffrey L. Snyder, P.E.    Stephen C. Pasternack, P.E. 
Project Engineer     Senior Project Engineer 
 
cc: Mr. Jeff Broadwater, P.E. (Michael Baker Jr., Inc.) 
 
Submitted: pdf copy submitted to Richland Engineering at reltd@r-e-l.com and 

Michael Baker Jr., Inc. via their ftp site 
Attachments:  Appendix (Plates 1 through 70) 
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Active Instrumentation

Active 
Inclinometer

?
Inclinometer 

Depth (ft)
Active 

Piezometer?
VW or 

Pneumatic?
# of Active 
Piezometers

Piezometer 
Depth(s) Below 

Existing G.S. (ft)
Instrumentation 
Installation Date

G.S. Elevation 
(ft)

B-101 Y 190 Y1 Pneumatic1 2 1 50.3, 124.3 Aug-Sep 1994 676.6 (676.63)
B-102 Y 224 N --- --- --- Sep 1994 675.7
B-105 N --- Y1 Pneumatic1 2 1 88, 105.7 Aug 1994 585.4 (585.63)
B-105A Y 156 N --- --- --- May 2006 585.7
B-107 Y 210 Y1 Pneumatic1 1 1 100 Sep 1994 662.7 (662.33)
B-108A Y 168 N --- --- --- Apr-May 2006 603.0
B-203 Y 190 N --- --- --- Aug 1996 638.0
B-204 Y 134 N --- --- --- Jul 1998 599.0
B-303 Y 178 Y2 Pneumatic2 1 2 40.8 Aug 19942, Jul 1998 622.0 (627.03)
P-9N Y 148 N --- --- --- Feb 1999 588.0
B-05-01 Y 228 Y VW 2 65, 95 Apr-May 2006 675.4
B-05-02 Y 176 Y VW 2 46, 122 Apr-May 2006 617.9
B-05-03 Y 168 Y VW 2 32, 112 Apr-May 2006 605.1
B-05-04 Y 172 Y VW 2 59, 119 Mar-May 2006 600.8
B-05-07 Y 224 Y VW 2 102, 220 Apr-Jun 2006 678.9
B-05-08 Y 224 Y VW 2 65.5, 110.5 Apr-May 2006 679.9
B-05-11 Y 226 Y VW 2 95, 130 Apr-Jun 2006 675.1
B-05-12 Y 210 Y VW 2 75, 120 Apr-May 2006 652.7
B-05-13 Y 134 Y VW 2 60, 135 May-Jun 2006 580.0
B-05-16 Y 162 N --- --- --- Jun 2006 598.5
1  BBCM installed pneumatic piezometers at the locations of the P borings in 1994.  However, these piezometers were eventually renamed to the 
nearest inclinometers (i.e. P-1 to B-101, P-3 to B-105, and P-5 to B-107).  
2  The pneumatic piezometer was actually installed in August 1994 at Boring P-2 in the vicinity of the B-103 inclinometer (now inactive).  However,   
the piezometer has since been renamed to B-303 due to its close proximity to the active inclinometer at B-303, which was installed in July 1998.
3  Elevation in parenthesis refers to the ground surface (G.S.) elevation of the P boring location where the pneumatic piezometer was installed.
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B-101
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B-102
-Includes readings from the last four quarters.
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B-102
-Includes readings from the last four quarters.
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B-107
-Includes readings from the last four quarters.
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-Includes readings from the last four quarters.
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-Includes readings from the last four quarters.
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B-107
-Includes readings from the last four quarters.
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B-203
-Includes readings from the last four quarters.
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B-203
-Includes readings from the last four quarters.
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B-204
-Includes readings from the last four quarters.
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B-204
-Includes readings from the last four quarters.
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B-303
-Includes readings from the last four quarters.
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B-303
-Includes readings from the last four quarters.
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P-9N
-Includes readings from the last four quarters. 

PLATE 15
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P-9N
-Includes readings from the last four quarters.
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B-102 Time-Displacement A-Axis
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B-107 Time-Displacement A-Axis
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B-203 Time-Displacement A-Axis

Year
1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  

D
is

pl
ac

em
en

t (
in

)

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

33-47 feet
57-61 feet
75-79 feet

PLATE 19



B-204 Time-Displacement A-Axis
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B-303 Time-Displacement A-Axis
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B-105A
-Includes readings from the last four quarters.
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B-105A
-Includes readings from the last four quarters.
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B-108A
-Includes readings from the last four quarters.

PLATE 24
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B-108A
-Includes readings from the last four quarters.

PLATE 25
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B-105A Time-Displacement A-Axis
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B-108A Time-Displacement A-Axis
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B-05-01
-Includes readings from the last four quarters.

PLATE 28
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B-05-01
-Includes readings from the last four quarters.
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B-05-02
-Includes readings from the last four quarters.
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B-05-02
-Includes readings from the last four quarters.
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B-05-03
-Includes readings from the last four quarters.
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B-05-03
-Includes readings from the last four quarters.
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B-05-04
-Includes readings from the last four quarters.
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B-05-04
-Includes readings from the last four quarters.
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B-05-07
-Includes readings from the last four quarters.
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B-05-07
-Includes readings from the last four quarters.
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B-05-08
-Includes readings from the last four quarters.
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B-05-08
-Includes readings from the last four quarters.
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B-05-11
-Includes readings from the last four quarters.
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B-05-11
-Includes readings from the last four quarters.
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B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading.
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B-05-12
-The initial (baseline) reading is taken from the July 24, 2006 reading as opposed to the June 22, 2006 reading.
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B-05-13
-Includes readings from the last four quarters.
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B-05-13
-Includes readings from the last four quarters.
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B-05-16
-Includes readings from the last four quarters.

PLATE 46
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B-05-16
-Includes readings from the last four quarters.
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B-05-02 Time-Displacement A-Axis

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

D
is

pl
ac
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en

t (
in

)

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

45-47 feet
109-111 feet
129-131 feet 
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B-05-03 Time-Displacement A-Axis

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  
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-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

35-39 feet
123-125 feet
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B-05-04 Time-Displacement A-Axis

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  
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)

-0.20
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1.20

1.40

1.60

1.80

117-119 feet
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B-05-16 Time-Displacement A-Axis

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

D
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)

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

3-11 feet
29-31 feet
113-115 feet
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B-101 (P-1) Pneumatic Piezometer Readings

Year
1994  1996  1998  2000  2002  2004  2006  2008  2010  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650

Orange @ 50.3 ft; Elev. Head, he = 626.3 ft
Pink @ 124.3 ft; Elev. Head, he = 552.3 ft

G.S. Elev. = 676.6 ft

Pressure Head, hp = 
u
γw

PLATE 52



B-105 (P-3) Pneumatic Piezometer Readings

Year
1994  1996  1998  2000  2002  2004  2006  2008  2010  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

550

560

570

580

590

600

Pink @ 88 ft; Elev. Head, he = 497.6 ft
Blue @ 105.7 ft; Elev. Head, he = 479.9 ft

G.S. Elev. = 585.6 ft

Pressure Head, hp = 
u
γw

PLATE 53



B-107 (P-5) Pneumatic Piezometer Readings

Year
1994  1996  1998  2000  2002  2004  2006  2008  2010  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650

Orange @ 100 ft; Elev. Head, he = 562.3 ft

G.S. Elev. = 662.3 ft

Pressure Head, hp = 
u
γw

PLATE 54



B-303 (P-2) Pneumatic Piezometer Readings

Year
1994  1996  1998  2000  2002  2004  2006  2008  2010  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

580

590

600

610

620

630

Pink @ 40.8 ft; Elev. Head, he = 586.2 ft
G.S. Elev. = 627.0 ft

Pressure Head, hp = 
u
γw

PLATE 55



B-05-01 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650

Piez. 86124T @ 65 ft - Automatic (Minilogger)
Piez. 86125T @ 95 ft - Automatic (Minilogger)
Piez. 86124T @ 65 ft - Manual Readings
Piez. 86125T @ 95 ft - Manual Readings

Pressure Head, hp = 
u
γw

PLATE 56

Notes:
-At Piezo 86124T, the 21961 Minilogger
was replaced in April 2009 by the 33505 
Minilogger.
-At Piezo 86125T, the 21967 Minilogger
was replaced in April 2009 by the 33507
Minilogger.

Elev. Head, he = 610.4 ft @ Piez. 86124T 
Elev. Head, he = 580.4 ft @ Piez. 86125T
G.S. Elev. = 675.4 ft 



B-05-02 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

550

560

570

580

590

600

Piez. 86126T @ 46 ft - Automatic (Minilogger)
Piez. 86127T @ 122 ft - Automatic (Minilogger)
Piez. 86126T @ 46 ft - Manual Readings
Piez. 86127T @ 122 ft - Manual Readings

Pressure Head, hp = 
u
γw

PLATE 57

Elev. Head, he = 571.9 ft @ Piez. 86126T 
Elev. Head, he = 495.9 ft @ Piez. 86127T
G.S. Elev. = 617.9 ft 

Notes:
-At Piezo 86126T, the 21963 Minilogger
was replaced in April 2009 by the 33503 
Minilogger.
-At Piezo 86127T, readings are 
automatically recorded by the 21951
Minilogger, which has malfunctioned in
the past but is currently functional.

Battery malfunction.  No scheduled readings were 
taken between July 2009 and October 2009 except 
at the time of download in October 2009.



B-05-03 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

550

560

570

580

590

600

Piez. 86128T @ 32 ft - Automatic (Minilogger)
Piez. 86129T @ 112 ft - Automatic (Minilogger)
Piez. 86128T @ 32 ft - Manual Readings
Piez. 86129T @ 112 ft - Manual Readings

Pressure Head, hp = 
u
γw

PLATE 58

Elev. Head, he = 573.1 ft @ Piez. 86128T 
Elev. Head, he = 493.1 ft @ Piez. 86129T
G.S. Elev. = 605.1 ft 

Notes:
-At Piezo 86128T, the 21957 Minilogger
was replaced in April 2009 by the 33501 
Minilogger.
-At Piezo 86129T, the 21965 Minilogger
was replaced in April 2009 by the 33506
Minilogger.



B-05-04 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

550

560

570

580

590

600

Piez. 86130T @ 59 ft - Automatic (Minilogger)
Piez. 86131T @ 119 ft - Automatic (Minilogger)

Pressure Head, hp = 
u
γw

PLATE 59

Elev. Head, he = 541.8 ft @ Piez. 86130T 
Elev. Head, he = 481.8 ft @ Piez. 86131T
G.S. Elev. = 600.8 ft 

Notes:
-At Piezo 86130T, readings are 
automatically recorded by the 21958
Minilogger, which has malfunctioned in 
the past but is currently functional.
-At Piezo 86131T, readings are 
automatically recorded by the 21952
Minilogger.



B-05-07 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650
Piez. 86455T @ 102 ft - Automatic (Minilogger)
Piez. 86456T @ 220 ft - Automatic (Minilogger)

Pressure Head, hp = 
u
γw

PLATE 60

Elev. Head, he = 576.9 ft @ Piez. 86455T 
Elev. Head, he = 458.9 ft @ Piez. 86456T
G.S. Elev. = 678.9 ft 

Notes:
-At Piezo 86455T, readings are automatically 
recorded by the 21966 Minilogger.
-At Piezo 86456T, readings are automatically
recorded by the 21956 Minilogger.
-Automatic readings were missed in both 
piezometers between Jan-09 and Apr-09 due 
to ice damage on the piezometer wires 
in Jan-09.



B-05-08 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650

Piez. 86132T @ 65.5 ft - Automatic (Miniloggers)
Piez. 86133T @ 110.5 ft - Automatic (Miniloggers)

Pressure Head, hp = 
u
γw

PLATE 61

Elev. Head, he = 614.4 ft @ Piez. 86132T 
Elev. Head, he = 569.4 ft @ Piez. 86133T
G.S. Elev. = 679.9 ft 

Notes:
-At Piezo 86132T, readings are 
automatically recorded by the 21954
Minilogger.
-At Piezo 86133T, readings are 
automatically recorded by the 21959
Minilogger.



B-05-11 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650

Piez. 86457T @ 95 ft - Automatic (Minilogger) 
Piez. 86458T @ 130 ft - Automatic (Minilogger) 
Piez. 86457T @ 95 ft - Manual Readings 
Piez. 86458T @130 ft - Manual Readings 

Pressure Head, hp = 
u
γw

PLATE 62

Elev. Head, he = 580.1 ft @ Piez. 86457T 
Elev. Head, he = 545.1 ft @ Piez. 86458T
G.S. Elev. = 675.1 ft 

Notes:
-At Piezo 86457T, the 21968 Minilogger
was replaced in April 2009 by the 33056 
Minilogger.
-At Piezo 86458T, the 21953 Minilogger
was replaced in April 2009 by the 33502
Minilogger.



B-05-12 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

600

610

620

630

640

650
Piez. 86134T @ 75 ft - Automatic (Minilogger) 
Piez. 86135T @ 120 ft - Automatic (Minilogger)
Piez. 86134T @ 75 ft - Manual Readings
Piez. 86135T @ 120 ft - Manual Readings 

Pressure Head, hp = 
u
γw

PLATE 63

Elev. Head, he = 577.7 ft @ Piez. 86134T 
Elev. Head, he = 532.7 ft @ Piez. 86135T
G.S. Elev. = 652.7 ft 

Notes:
-At Piezo 86134T, the 21960 Minilogger
was replaced in April 2009 by the 33504 
Minilogger.
-At Piezo 86135T, readings are 
automatically recorded by the 21964
Minilogger, which has malfunctioned in
the past.

Minilogger malfunction.  No scheduled readings 
were taken between July 2009 and October 2009 
except at the time of download in October 2009.  
The Minilogger will likely need to be replaced.



B-05-13 VW Piezometer Readings

Date (Month-Year)
Jan-06  Jul-06  Jan-07  Jul-07  Jan-08  Jul-08  Jan-09  Jul-09  Jan-10  

To
ta

l H
ea

d,
 h

t (
ft)

 [h
t =

 h
e 

+ 
h p

]

550

560

570

580

590

600

Piez. 86459T @ 60 ft - Automatic (Minilogger)
Piez. 86460T @ 135 ft - Automatic (Minilogger)

Pressure Head, hp = 
u
γw

PLATE 64

Elev. Head, he = 520.0 ft @ Piez. 86459T 
Elev. Head, he = 445.0 ft @ Piez. 86460T
G.S. Elev. = 580.0 ft 

Notes:
-At Piezo 86459T, readings are 
automatically recorded by the 21962
Minilogger.
-At Piezo 86460T, readings are 
automatically recorded by the 21955
Minilogger.



Date Present reading    Change (in.) Present reading    Change (in.) Present reading    Change (in.)
01/15/03 6.405 0.072 4.473 -0.009
04/17/03 6.333 -0.072 4.482 0.009
07/18/03 6.186 -0.147 4.350 -0.132
10/16/03 6.385 0.199 4.519 0.169
01/08/04 6.124 -0.261 4.594 0.075
04/14/04 6.129 0.005 4.402 -0.193
07/16/04 6.250 0.122 4.277 -0.125
10/27/04 6.375 0.125 4.467 0.190
01/12/05 6.250 -0.125 4.349 -0.118
04/14/05 6.375 0.125 4.372 0.023
07/14/05 6.313 -0.063 4.392 0.020
10/12/05 6.375 0.063 4.358 -0.034
02/01/06 6.438 0.063 4.395 0.037
04/20/06 6.500 0.063 4.430 0.035
07/14/06 6.375 -0.125 4.381 -0.049
10/18/06 6.438 0.063 4.400 0.020
01/19/07 6.500 0.062 4.506 0.106
04/18/07 6.375 -0.125 4.357 -0.150
07/11/07 6.438 0.063 4.341 -0.015
10/12/07 6.438 0.000 4.384 0.043
01/08/08 6.469 0.031 4.349 -0.036
04/14/08 6.500 0.031 4.410 0.062
07/14/08 6.500 0.000 4.410 0.000
10/15/08 6.375 -0.125 4.395 -0.016
01/13/09 6.500 0.125 4.449 0.055
04/21/09 6.500 0.000 4.449 0.000
07/17/09 6.438 -0.063 4.402 -0.047
10/19/09 6.563 0.125 4.459 0.057

Discontinued on 7/16/02

CALIPERED SURFACE DISTANCE TABLE
CUY-90-15.24

Left Pier Calipered Surface 
Distance

Center Line Calipered Surface 
Distance

Right Pier Calipered Surface 
Distance

File Name: 012-00946-300 Caliper Table.xls BBC&M Engineering, Inc. PLATE 65



Left Calipered Surface Distance Location

Year
1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  
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5.00

5.50

6.00

6.50

7.00

Linear Trendline
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Right Calipered Surface Distance Location

Year
1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  

P
re

se
nt

 R
ea

di
ng

 (i
n)

4.00

4.20

4.40

4.60

4.80

5.00

Linear Trendline

PLATE 67



PLATE 68

View towards the east-northeast of the aggregate pile and east right-of-way fence.  Photo 
taken on October 21, 2009.



PLATE 69

View towards the north of the aggregate pile and east right-of-way fence.  Photo taken on 
October 21, 2009.



PLATE 70

View of the smaller aggregate pile towards the eastern end of the property adjacent to the 
east right-of-way fence.  Photo taken on October 21, 2009.
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