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1-10 Mobile River Bridge, Mobile, Alabama

REVISIONS 04/27/2018

Introduction

?  1st Paragraph — Interstate 10 over Mobile River — | 10 is the bridge — please reword
o Changed to 110 Mobile River Bridge

Generalized Soil Conditions

?  Boring no was MB-1 not MB-11
o Corrected
?  Did not find the boring referenced in Appendix A
o Soil Boring record added to Appendix B, reference in document revised.

Geometry Description

? Please double check the bottom elevation of the cage/load cell. It may have been closer to 11
feet above the bottom of the drilled shaft with consideration of the original ground surface
resurveyed. Also raised an additional 2 feet in consideration of undercutting soil for lateral testing
apparatus -All elevations checked with available records.

Lateral Statnamic Test Setup and Test Pile Instrumentation
?  1st Paragraph — we applied a load up to approximately 1500 kips | thought...not 1000 kips
o Corrected
? 6" Paragraph — calibration sheets are located in Appendix C not B
o Corrected
? Table 1 — please double check elevations for sensor locations -see Geometry Description

Page 8 Table 2

?  There is not a table 2 identification on the table.
0 Table identification added.

?  Table 2 — Effective unit weights should be pcf not pci for the values provided in the table
o Corrected

Summary and Conclusions

?  1stParagraph - We did not have a rock socket.
o Corrected

Appendix A

?  Graph on Page 10 needs a legend

?  Graph on Page 15 needs a legend

?  LPile Graph on Page 23 needs a title

o All Graphs corrected.

?  Onthe LPile (Figure 14) output following Figure 13, appears to be the Linear model. Please
identify the graph with a title and include the graph for the non-linear LPile analyses. Confirm
“load case” on the legend Figure 14 is the same as the load cases on Figure 13. There appears
to be more load scenarios for the Linear/Nonlinear curve on Figure 13 than presented in Figure
14,

o Graphs and legends were adjusted to reflect actual test loads, and loads added for
analysis. Also added additional pile head deflection plot for Type 1 Case.

?  To better understand the measured vs modeled displacement profile vs elevation, it would be
helpful to have Figure 6 overlayed with the L Pile analyses (Figure 14-Linear and Figure 15-
Nonlinear).
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o For understanding, individual plots for each load case were added comparing raw data,
Type 1, and Type 2 deflections.

Appendix B
? Please double check elevations based upon as constructed and surveyed -see Geometry
Description

REVISIONS 05/07/2018

1. Boring Log MB-1 has not been included in Appendix B and is not labeled on Appendix B cover
sheet
a. Soil Boring added to Appendix B and Cover sheet
2. Figure 6 needs editing as the cycles in the legend seem to be mislabeled.
a. Corrected.
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INTRODUCTION

This report is provided to summarize the results of the lateral Statnamic load testing performed
for the load test program being performed as part of the proposed new Interstate 10 Mobile
River Bridge Project in Mobile County, Alabama. The bridge will replace the existing tunnel
currently in service. The load test program will consist of installation and testing of 11 driven
piles and 1 drilled shaft. Foundation types include HP 14 x 89 piles, 18" PPC square piles, a 60"
diameter steel open-ended pipe pile, a 72" diameter drilled shaft, 54" diameter PPC cylindrical
piles, and a 30" PPC square pile.

In accordance with our scope of services, Applied Foundation Testing (AFT) performed lateral
Statnamic load testing on the test drilled shaft. The test shaft had a design diameter of 72-
inches and was constructed with a total overall length of 180 feet. Please refer to the project
source documents for a site plan of the actual location of the test shaft. This report only contains
the analysis and results of the lateral Statnamic load testing for the referenced test shaft.
Results of all other testing (bi-directional load testing, CSL, etc.) performed on the test shaft are
provided under separate covers.

Jordan Pile Driving, was the general contractor and provided necessary office and field support
to carry out the lateral Statnamic load testing. A.H. Beck was the drilled shaft contractor
responsible for the installation of the test shaft and supplied field support to carry out the lateral
Statnamic load testing. Applied Foundation Testing (AFT) was the specialty engineering firm
performing the lateral Stathamic load testing. Field instrumentation and set up of the Statnamic
load test was performed by AFT Technician Mr. Jason Frederick. Data acquisition during testing
was performed by Mr. Joseph Bailey, P.E, and Katherine Shaw. Katherine Shaw also performed
the data reduction and reporting. Mr. Donald T. Robertson, P.E is the overall project manager
and responsible Engineer for the project and provided quality assurance oversight for the data
analysis and reporting.

GENERALIZED SOIL CONDITIONS

A solil test boring (Boring No. MB-1) was performed at the shaft location and is included in
Appendix B.

In general, the overburden soils at this location consisted of compacted gravel from original
ground surface elevation to approximately +3.0 feet. From elevation +3.0 feet to -83.0 there
were alternating layers of poorly graded sand/silt and very dense sandy silt. Following this was
a layer of fat clay from approximately -83 feet to -98 feet. Below this elevation poorly graded
sand sand/silt combinations were present to an approximate elevation of -123.0 feet. Another fat
clay layer was present from elevation -128.0 feet to -132.0 feet. Poorly graded sand/silt was
present until shaft termination at -170 feet.

These descriptions of soil conditions represent a summary of conditions as indicated in the
provided materials and is included only to assist in evaluation of the load test data. For details
regarding the soil conditions at the test site and elsewhere, the reader should reference the
project source documents.
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GEOMETERY DESCRIPTION

Longitudinal shaft reinforcement for the test shaft consisted of thirty-six (36) #11 reinforcement
bar pairs from an approximate elevation of +9.88 feet to -118.2 feet and eight (8) #11
reinforcement bars from approximate elevation -10.0 feet to the bi-directional cell assembly. All
longitudinal shaft reinforcement was surrounded by #7 spiral shear hoops from approximate
elevation of -118.2 feet to -161.6 feet.

The reinforcement cage was constructed with two bi-directional load testing assemblies the
upper cell assembly was located at approximately elevation -118.2 feet. The lower cell
assembly was located at approximately -161.6 feet in elevation. Please reference project source
documents for further details regarding the bi-directional load testing. The reinforcement cage
contained eight (8) steel CSL access tubes for integrity testing. Prior to the reinforcement cage
being lowered into the excavation AFT tied multiple levels of embedded “sister bar” strain gages
to the reinforcement steel to measure the bending strains in the test shaft during the lateral load
test. In addition to the embedded strain gage instrumentation, AFT also cast an inclinometer
casing into the drilled shaft to allow access for the down-hole accelerometers.

The reinforcement cage was inserted into the excavation and temporarily supported from the
permanent casing. A pump and 10.0-inch tremie pipe was used to place concrete. The concrete
was pumped from the base of the shaft until sound concrete was observed at the top of the
drilled shaft (EL. *10.2 feet).

AFT was not under contract to document the test shaft installation, but we have provided this
summary based on our onsite observations and information as provided by the Contractor and
the Owner’s representatives. For more information on the test shaft construction, the reader
should reference the project source documents.

LATERAL STATNAMIC TEST SETUP AND TEST PILE INSTRUMENTATION

Preparation for the Statnamic lateral load test included embedment of strain gage
instrumentation and inclinometer casing during construction of the test shaft, and assembly of
the Statnamic equipment and instrumentation at the top of the test shaft. Test shaft preparation
prior to testing included attaching a hemispherical bearing on the test shaft to transfer the load
without restraining the shaft to rotation. Loading was applied in four successively increasing
load cycles using a Statnamic device, capable of delivering an applied load to 1,500 kips, and
the shaft displacement response measured. Lateral load testing for the test shaft was performed
on April 12 and 13, 2018.

The Stathamic device was horizontally mounted on a sled for lateral testing. The device uses a
controlled burn of fuel to generate gas pressure inside a cylinder and ram (analogous to a gas
actuated jack). As the pressure builds, it reacts against a mass. The pressure eventually builds
high enough to propel the reaction mass horizontally away from the foundation; in turn an equal
and opposite load is applied horizontally to the test shaft.

The Statnamic device produces a time dependent load on the order of 1/2 second or less. The
load produced is not an impact, which makes the Statnamic analysis very simplified and more
reliable than dynamic techniques. The applied Statnamic load is measured with a ring type
electronic resistance load cell, located between the foundation and the Statnamic piston.
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Displacement measurements were provided by double integration of accelerometers. Three
accelerometers were mounted on the test shaft at external positions. One accelerometer was
mounted at or near the point of load application. The other accelerometers were mounted
approximately 7.0 inches and 9.25 inches above the point of load application as a means of
redundant top of shaft displacements. Survey measurements (provided by Jordan Pile Driving)
were taken before and after each load cycle as a measure of permanent displacement. A string
of eight subsurface accelerometers were installed via individual guide mounts, which were
lowered into the grooved inclinometer casing that was cast into the test shaft. These
accelerometers were oriented to detect lateral motion in the direction of applied load.

Four levels of strain gages (four gages per level) were monitored during testing which was an
indication of bending in the test shaft. Sister bar quarter bridge electronic resistance strain
gages were manufactured by AFT in our laboratory using Micro-Measurements gauge type
CEA-06-125UW-350. The gages were installed on the reinforcement cage prior to its placement
inside the excavation.

All of the test shaft data were monitored via a National Instruments data acquisition system with
a sampling rate of 10,000 samples per second for each channel. Data reduction and analyses
were performed using Matlab® software for each loading cycle. Table 1 below contains a
summary of the instrumentation locations. Calibration data on the instrumentation is included in

Appendix C.

Table 1. Test Shaft Instrumentation and Key Locations

General Shaft Information
Top of Permanent Casing Elevation (feet) *10.2
Bottom of Permanent Casing Elevation (feet) -46.8
Shaft Tip Elevation (feet) -170.0
Shaft Diameter (EL. *9.92 to -46.8 feet) (inches) 77.0
Shaft Diameter (EL. -46.8 to -170.0 feet) (inches) 72.0
Top of Concrete Elevation (feet) *9.9
Concrete Strength used for Analysis (psi) 6,468
Top of Shaft Instrumentation
Point of Load Application Elevation (feet) *6.9
ACCEL _1 Elevation (feet) *6.9
ACCEL _2 Elevation (feet) 7.1
ACCEL 3 Elevation (feet) *9.6
Strain Gage Levels Locations
Strain Gage Level 1 Elevation (feet) -57.6
Strain Gage Level 2 Elevation (feet) -77.8
Strain Gage Level 3 Elevation (feet) -99.1
Strain Gage Level 4 Elevation (feet) -135.8
Down-Hole Accelerometers Locations
DH1 Elevation (feet) +0.3
DH2 Elevation (feet) 6.3
DH3 Elevation (feet) -12.3
DH4 Elevation (feet) -18.3
DH5 Elevation (feet) -24.3
DH6 Elevation (feet) -30.3
DH7 Elevation (feet) -36.3
DH8 Elevation (feet) -42.3
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LATERAL STATNAMIC TEST RESULTS

The lateral Statnamic loads applied to the test shaft are shown as a function of time in Figure 1,
while displacement measurements from the double integration of the shaft accelerometer
located at the load point are shown as a function of time in Figure 2. An example of all the top
of shaft displacements made from double integration of the three external accelerometers are
provided in Figure 3 for load cycle number 4; others were similar.

Top of shaft displacements measured from the external accelerometers were corrected to
include the permanent displacement measured by a Jordan Pile Driving surveyor between load
cycles. The magnitude of permanent displacement has been added to the top displacement
measured from the external accelerometers.

The plots in Figures 4 and 5 are an example of the acceleration and displacement time histories
derived from the uppermost four and the lowermost four, respectively, down-hole accelerometer
measurements for load cycle number 4; others were similar. The peak values of displacement
at each accelerometer location (load point at top of shaft, and the lower 7 internal down-hole
locations) are presented in Figure 6 as a function of depth for each of the load cycles. Note the
decreasing amplitude of motion of the down-hole accelerometers (below grade) coincides with
increasing depth. The strain gage data versus time and the peak strain gage data with depth are
shown in Figures 7 and Figure 8, respectively.

The relatively large difference between the magnitude of the tensile strains (+) and the
magnitude of the compression strains (-) measured around strain gage level 1 (EL. -57.62)
during load cycles 3 and 4 is indicative of significant concrete cracking. The data obtained from
the lower strain gage level indicates little to no change in strain during the load testing.

Derived Static Load Procedure

Using a simple single degree of freedom system, an equivalent static response was derived
from the Statnamic lateral test measurements. This model includes a nonlinear static spring
resistance, inertia of the shaft rotating about a hinge point, and a viscous damping component.

Fstatnamic = Finertia + Fdamping + Fstatic
where,
Fstatnamic = measured force on the Statnamic load cell
Finertia = inertial resistance from effective mass of the foundation
Faamping = effective viscous damping resistance
Fstatic = effective static soil resistance

The inertial resistance is roughly that of a cylinder rotating about its base, with a diameter equal
to that of the shaft and a height taken initially as approximately 42.0 feet, based on the observed
displacement pattern and bending strain behavior. For such a cylinder of radius r, height h, and
mass m, the mass moment of inertia about the base, ly is:

ly=m (r3/4 +h?/3)

The rotational acceleration of such a cylinder in relation to a displacement x at the loading point
z would be X/z and thus summing moments about the base,

(Finertia)Z = (|y)(X/Z)
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Therefore,  Finertia = (ly)(X/2%) = meX

Where me may be thought of as the effective mass of the foundation. The effective mass for this
shaft based on a height taken initially as 42.0 feet was calculated to be approximately
0.046kN-sec?mm (3.125 kip-sec?/t.). It is common to increase the theoretical effective mass of
the foundation for analysis purposes in order to include some mass from the passive earth
pressure wedge of surrounding soil. The effective mass utilized in our computations was 0.030
(2.105), 0.040 (2.748), 0.043 (2.963), and 0.042 (2.909) kN-sec’’mm (kip-sec?/ft.) for load
cycles 1, 2, 3, and 4, respectively.

The damping resistance is presumed to be represented by a viscous damper in which the force
Faamping IS proportional the velocity, X, by a constant, ¢ (which is in units of force-sec./length). In
order to relate this more meaningfully to a system damping parameter, the damping constant is
expressed as a percent of the critical damping, cc, by

D = c/cc = c/[2(kme)*]; where k = static stiffness

thus, Fdamping = € X = D [2(kme)*]

The static resistance is modeled as a function of displacement, X, using a spring with stiffness,
ks. Because the soil response for lateral loading at large strains is known to be highly nonlinear,
this spring may be modeled as a nonlinear stiffness, which decreases as a function of
displacement. For the analyses in this report, the stiffness has been taken as a constant, which
is derived independently for each Statnamic loading (and decreases with increased loads). This
model was back-fitted to the results of the load test measurements, for each load cycle, to
obtain the nonlinear spring and viscous damping parameters which best match the observed
behavior.

The damping ratio started at a value of 1.1 for load cycle 1, decreased to 0.75 for load cycle 2
and remained constant at 0.6 for load cycles 3 and 4. Figure 9 shows the initial stiffness
(kips/in) on a semi-log scale, these values were obtained from the back-fitted data of four load
cycles. Note the stiffness is plotted against the maximum test displacement at the load point
location of the shaft for each load cycle. The results of the back fitting process (comparison of
computed and measured displacement response at the loading point) are illustrated in Figure
10.

Using this nonlinear spring and dashpot model, a derived static load versus displacement
response is constructed as indicated in Figure 11. This derived static model is the basis for
comparison with a static test result. The actual total soil resistance (static response plus soll
damping) is illustrated in the figure as the “Total Soil Response (Static + Damping)”. This total
resistance represents the total soil resistance applied to the shaft after consideration of the
applied load and the shaft inertia. The equivalent static soil resistance, illustrated in the figure
as the “Equivalent Static Load” is comparable to the soil resistance mobilized from a
conventional static test.

Derived P-Y Results

For design, it is important to develop a computational model of the soil resistance which
provides a good match to the test results. Most designers use a form of “p-y” curve to model
the nonlinear static soil resistance for design using a code such as LPILE or FBPIER. For the
analysis of a single shaft, LPILE is very convenient; the p-y curves should be the same with
either code if the structural foundation is modeled similarly.
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The analyses of the test shaft in this manner was complicated by the nonlinear behavior of the
composite concrete and steel section which tends to crack and change in effective stiffness (El)
as bending occurs. This model included nonlinear El as a function of bending. The steel casing
(top section only) was modeled using a yield strength of 45 ksi. The rebar was modeled with
yield strength of 60 ksi. The inputted concrete strength of the shaft was 6,468 psi, obtained from
tests conducted on concrete cylinders a couple days prior to the Statnamic lateral load test.
Figure 12 shows the nonlinear El as a function of bending that would typically be calculated by
LPILE.

To back-calculate the soil response from the test measurements, soil parameters are estimated
initially from the conditions described in the soil boring and then adjusted to best match the
observed load versus deflection response and deflection versus depth response. The sail
criteria used for generating the p-y curves used in LPILE to model the test condition are as
follows in Table 2. The upper coarse to fine sand and gravel was modeled as “Sand Reese”.
The clay layers from approximately -123.0 to -129.0 and -162.0 feet to -169.0 feet were
modeled as “Soft Clay”.

The derived static top of shaft response from the Statnamic test along with the LPILE computed
results from the back-fitted model, as described above, are presented in Figure 13. Solutions
from both the nonlinear (also known as the Type 3 with the older LPILE versions) and linear
elastic (also known as Type 1 with the older LPILE versions) LPILE analyses are shown. The
linear analysis is close to the equivalent static soil resistance for load cycles 1 shown, indicating
the shaft remained in or near the linearly elastic response during this initial load. The nonlinear
analysis is more representative of the shaft tested at higher test loads, while the linear analyses
is presented at the higher loads for illustration purposes only of the simpler (elastic) solution.
The nonlinear analyses allow the shaft to yield at a lateral load of 2,295 kips, while the linear
elastic analyses show the pile behavior if it were not allowed to yield. The displacement profiles
measured (obtained from double integration of the accelerometers) and obtained from the
LPILE model are presented in Figure 14 and 15. Individual plots of each cycle comparing the
raw integrated data, Type 1, and Type 3 analyses results are shown in Figures 16 through 19.
Comparisons of the load versus deflection response and deflection versus depth response
suggest this computational model appears to capture the behavior relatively well within the
general range of suitability for design purposes, generally providing for a conservative solution.
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Table 2. Summary of Soil Condition Inputs

Top Bottom
- Layer Elevation (ft) 3.8 52
e % Effective Unit Weight (pcf) 125.00 125.00
(% 04 Friction Angle (degrees) 32.0 32.0
— p-y Modulus "k" (pcf) 60 60
. Layer Elevation (ft) 5.2 11.2
o @ Effective Unit Weight (pcf) 110.0 455
B 4 Friction Angle (degrees) 32 32
p-y Modulus "k" (pcf) 45 45
. Top of Layer Elevation (ft) 11.2 24.2
i % Effective Unit Weight (pcf) 47.55 47.55
c% x Friction Angle (degrees) 32 32
p-y Modulus "k" (pcf) 45 45
— Top of Layer Elevation (ft) 24.2 54.2
° % Effective Unit Weight (pcf) 47.55 47.55
(% o Friction Angle (degrees) 38 38
— p-y Modulus "k" (pcf) 65 65
. Top of Layer Elevation (ft) 54.2 64.2
° % Effective Unit Weight (pcf) 4755 47.55
c% x Friction Angle (degrees) 36 36
p-y Modulus "k" (pcf) 45 2000
- Top of Layer Elevation (ft) 64.2 94.2
i @ Effective Unit Weight (pcf) 67.50 67.50
c% x Friction Angle (degrees) 42 42
p-y Modulus "k" (pcf) 120 120
= Top of Layer Elevation (ft) 94.2 109.2
O “Effective Unit Weight (pcf) 55.55 55.55
£ Cohesion (Ibg/ft"2) 1200 1200
3 Strain Factor E50 0.002 0.002
. Top of Layer Elevation (ft) 109.2 134.2
i @ Effective Unit Weight (pcf) 67.50 67.50
c% 14 Friction Angle (degrees) 40 40
p-y Modulus "k" (pcf) 120 120
= Top of Layer Elevation (ft) 134.2 139.2
O Effective Unit Weight (pcf) 55.55 55.55
£ Cohesion (Ibg/ft"2) 1200 1200
3 Strain Factor E50 0.002 0.002
. Top of Layer Elevation (ft) 139.2 Shaft Tip
i @ Effective Unit Weight (pcf) 67.50 67.50
c% 14 Friction Angle (degrees) 40 40
p-y Modulus "k" (pcf) 120 120
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SUMMARY AND CONCLUSIONS

A lateral load test has been performed on a nominal 77-inch (72-inch nominal) diameter by
180.0-foot-long drilled shaft using a lateral Statnamic testing device. From the measurements
obtained during the Statnamic loadings, an equivalent static response and system damping has
been derived. The equivalent static response provides a basis for comparison of predicted static
response using the p-y model.

Soil parameters are presented which were obtained from back-fitting the computed results from
LPILE to the derived static top of shaft response from the Statnamic test. Comparisons of the
load versus deflection response and deflection versus depth response suggest this
computational model appears to capture the behavior relatively well within the general range of
suitability for design purposes, generally providing for a conservative solution.

The 77-inch diameter drilled shaft exhibited a lateral response that would typically be expected
for the soil at the foundation location. The lateral load testing of this large diameter shaft is
believed to provide a high degree of reliability with respect to the back-fit model for design
purposes for this foundation.

CLOSURE

We would like to thank you for the opportunity to be involved in this project. We also want to
express our gratitude for the field and office support provided by your company. Please do not
hesitate to call us if you have any questions regarding the information in this report.

LIMITATIONS

This report presents test measurements made by AFT. Interpretations were made based upon
the measurements made by AFT with the latest techniques available and currently accepted
standards of care recognized by Geotechnical Engineering professionals. AFT is an
independent agency and is not the Geotechnical Engineer of Record. The Geotechnical
Engineer of Record should ultimately make final recommendations for foundation design and
construction.
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Figure 1 - Lateral Statnamic Loads versus Time for Loads 1 through 4
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Figure 2 - Displacement at the Load Point versus Time for Loads 1 through 4
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Figure 3 - Example: All Top of Shaft Displacements Measurements for Load 4
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Figure 4 - Example: Displacement and Acceleration vs. Time from the Upper 4 Down-
Hole Accelerometers for Load 4
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Figure 5 - Example: Displacement and Acceleration versus Time from the Lower 4
Down-Hole Accelerometers for Load 4
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Figure 6 - Displacement versus Elevation for Loads 1 through 4
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Figure 7 - Strain versus Time for Loads 1 through 4
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Figure 8 - Peak Strain versus Shaft Elevation for Loads 1 through 4

4035 J. Louis Street e Green Cove Springs, Florida 32043 e Ph (904) 284 — 1337 e Fax (904) 284 - 1339



. AFT Project No.: 518009 Page 20
Final Report of Lateral STATNAMIC Load Testing

1-10 Mobile River Bridge, Mobile, Alabama

Figure 9 - Initial Stiffness versus Log of Max Shaft Displacements at the Load Point
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Figure 10 - Comparison of Measured to Modeled Shaft Displacements at Load Point
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Figure 11- Derived Static Load versus Displacement Response at the Load Point
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Bending Moment (in-lbs)

Figure 12 - Non-Linear Stiffness “El” as a Function of Bending Moment
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Figure 13 - Derived Static Top of Shaft Response from the Statnamic Test Compared
with the LPILE Model Results
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Figure 14 - Type 1 Lateral Pile Head Deflection
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Figure 15 - Type 3 Lateral Pile Head Deflection
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Figure 15 - Type 3 Lateral Pile Head Deflection
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Figure 16 - Comparison of Raw Data, Type 1, and Type 3 for Load 1
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Figure 16 - Comparison of Raw Data, Type 1, and Type 3 for Load 1
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Figure 17 - Comparison of Raw Data, Type 1, and Type 3 for Load 2
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Figure 17 - Comparison of Raw Data, Type 1, and Type 3 for Load 2
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Figure 18 - Comparison of Raw Data, Type 1, and Type 3 for Load 3
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Figure 18 - Comparison of Raw Data, Type 1, and Type 3 for Load 3
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Figure 19 - Comparison of Raw Data, Type 1, and Type 3 for Load 4
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Figure 19 - Comparison of Raw Data, Type 1, and Type 3 for Load 4
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As-Built Test Shaft Schematic
Concrete Pour Log

Concrete Strength Report
Soil Boring Report
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TEST SHAFT - As Built

72" @ DRILLED SHAFT - AFT-Cell Load Test

TOP OF SHAFT ELV. +9.9 feet Accels 1-3
Ground Elev. +6.8 feet  ELEV. +9.1; +6.9; +7.1 feet
&
Downhole Accel 1
0 ELEV. +0.29 feet
— -5 Downhole Accel 2
ELEV. -6.29 feet
-10
Downhole Accel 3
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Downhole Accel 4
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— XXX 4 AFT-Cells
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72-INCH DIAMETER DRILLED SHAFT
APPLIED FOUNDATION
TESTING I-10 MOBILE RIVER BRIDGE
4035 J Louis St
Green Cove Springs, FI 32043 | DWN BY: KS

Rev.:

04/30/18 FIGURE 1










Kay Ivey

Governor

Method of Curing in Structure:
inder Field Curing Method:
Time Placing Started/Completed:
Supplied/Placed This Date:

Cyl

Project No

Project Manager:
Class/Type Concrete:

:IM-1010(341)
Davison, Jay

DS-2A

Other Method
Cylinder Curing Box
02:00 PM / 06:05 PM
212 CuYd / 212 Cuvd

Alabama Department of Transportation
Concrete Placement and Testing Report
BMT-174 Pending Tests

John R. Cooper
Transportation Director

Report ID: 56081 Pour Date: 03/23/2018

Area: Mobile
County: MOBILE
Prime Contractor: 11462 JORDAN PILE DRIVING, INC.
Ready Mix Supplier: Bayou Concrete, LLC - 10037 - Mobile, AL Plant 2(Canal)
Weather: Clear
Ambient Placement Temp Begin/End: 75 F / 70 F
Cylinder Field Curing Temp Low/High: 60 F / 80 F

Mix ID: DS2A-001-18

Test Records

Ticket No: 20138293 Test Start: 02:10 PM Test End: 02:20 PM Slump (in): 9.25 Air %: 1.5 Temp (F): 82 Cast Date: 03/23/2018 Inspector: Burdett, Chris
Cylinder X-Section Total Req'd Actual
Received Average Area Applied Strength Strength Fracture
Sample ID Cylinder No Date Test Date Age Diameter Length (sqin) Load (psi) (psi) Type Lab Technician Lab Remarks
786223 DS-1 03/26/2018 03/27/2018 5.98 12.0 28.04 131040 Varies 4670 Type 5 11907 Holland, Travis N/A
786224 DS-2 03/26/2018 03/28/2018 5.97 12.0 27.95 140410 Varies 5020 Type 3 11907 Holland, Travis N/A
786225 DS-3 03/26/2018 03/30/2018 5.98 12.0 28.09 154430 Varies 5500 Type 5 11907 Holland, Travis N/A
786227 DS-5
786226 Ds-4
Ticket No: 20138300 Test Start: 03:20 PM Test End: 03:30 PM Slump (in): 9.25 Air %: 1.2 Temp (F): 80 Cast Date: 03/23/2018 Inspector: Burdett, Chris
Cylinder X-Section Total Req'd Actual
Received Average Area Applied Strength Strength Fracture
Sample ID Cylinder No Date Test Date Age Diameter Length (sqin) Load (psi) (psi) Type Lab Technician Lab Remarks
786228 DS-6 03/26/2018 03/27/2018 6.00 12.0 28.27 113310 Varies 4010 Type 2 11907 Holland, Travis N/A
786229 DS-7 03/26/2018 03/28/2018 5.98 12.0 28.09 123940 Varies 4410 Type 3 11907 Holland, Travis N/A
786230 DS-8 03/26/2018 03/30/2018 5.97 12.0 27.99 152990 Varies 5470 Type 5 11907 Holland, Travis N/A
786232 DS-10
786231 DS-9
Ticket No: 20138308 Test Start: 03:50 PM Test End: 04:00 PM Slump (in): 9.50 Air %: 2 Temp (F): 79 Cast Date: 03/23/2018 Inspector: Burdett, Chris
Cylinder X-Section Total Req'd Actual
Received Average Area Applied Strength Strength Fracture
Sample ID Cylinder No Date Test Date Age Diameter Length (sqin) Load (psi) (psi) Type Lab Technician Lab Remarks
786234 DS-11 03/26/2018 03/27/2018 5.99 12.0 28.13 129340 Varies 4600 Type 2 11907 Holland, Travis N/A
786235 DS-12 03/26/2018 03/28/2018 5.98 12.0 28.09 140800 Varies 5010 Type 3 11907 Holland, Travis N/A
786236 DS-13 03/26/2018 03/30/2018 6.00 12.0 28.27 153630 Varies 5430 Type 5 11907 Holland, Travis N/A
786237 DS-14
786238 DS-15

Date: 04/10/2018 01:50 pm
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Alabama Department of Transportation
Concrete Placement and Testing Report
BMT-174 Pending Tests

Kay Ivey Report ID: 56081 Pour Date: 03/23/2018 John R. Cooper
Governor Transportation Director
Ticket No: 20138314 Test Start: 04:45 PM Test End: 04:55 PM Slump (in): 9.50 Air %: 1.5 Temp (F): 80 Cast Date: 03/23/2018 Inspector: Burdett, Chris
Cylinder X-Section Total Req'd Actual
Received Average Area Applied Strength Strength Fracture
Sample ID Cylinder No Date Test Date Age Diameter Length (sqin) Load (psi) (psi) Type Lab Technician Lab Remarks
786239 DS-16 03/26/2018 03/27/2018 4 5.98 12.0 28.09 109580 Varies 3900 Type 3 11907 Holland, Travis N/A
786240 DS-17 03/26/2018 03/28/2018 5 5.97 12.0 27.95 126550 Varies 4530 Type 5 11907 Holland, Travis N/A
786241 DS-18 03/26/2018 03/30/2018 7 5.99 12.0 28.18 164140 Varies 5830 Type 3 11907 Holland, Travis N/A
786242 DS-19
786243 DS-20
Ticket No: 20138321 Test Start: 05:25 PM Test End: 05:35 PM Slump (in): 9.00 Air %: 1.5 Temp (F): 82 Cast Date: 03/23/2018 Inspector: Burdett, Chris
Cylinder X-Section Total Req'd Actual
Received Average Area Applied Strength Strength Fracture
Sample ID Cylinder No Date Test Date Age Diameter Length (sqin) Load (psi) (psi) Type Lab Technician Lab Remarks
786244 DS-21 03/26/2018 03/27/2018 4 5.98 12.0 28.09 105880 Varies 3770 Type 3 11907 Holland, Travis N/A
786245 DS-22 03/26/2018 03/28/2018 5 5.97 12.0 27.99 128670 Varies 4600 Type 5 11907 Holland, Travis N/A
786246 DS-23 03/26/2018 03/30/2018 7 5.99 12.0 28.18 160430 Varies 5690 Type 5 11907 Holland, Travis N/A
786247 DS-24
786248 DS-25

Pay Item(s): 0011 | 0190 | 506C087 | Drilled Shaft Construction, 6'-0" Diameter, Class DS2A Concrete
Reviewed by:

General Remarks: Rosalind Pettaway: Lab #99071-0001 Lab #99071-0002 Lab #99071-0003 Lab #99071-0004 Lab #99071-0005 Lab #99071-0006 Lab #99071-0007 Lab #99071-0008 Lab #99071-0009 Lab #99071-0010Lab #99071-
0011 Lab #99071-0012 Lab #99071-0013 Lab #99071-0014 Lab #99071-0015

Disclaimer: All tests are in accordance with applicable AASHTO and ASTM specifications: C-31, C-39, C-143, C-172, C-231, C-1064, and C-1231.

Date: 04/10/2018 01:50 pm Page 2 of 2
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Appendix C

Calibrations

Report of Lateral Statnamic Testing
I-10 Mobile River Bridge

AFT Project No. 518009

Mobile, Alabama










GEORGE KELK CORPORATION

LOAD CELL CALIBRATION REPORT

Model No.: C3929 Work Order No: JR10483
Serial No.: 13 Bridge 1 of 3 Test date: 05-19-2016
Capacity: 22000000 N Test by: WP
Calibration facility: 10000000 b

(2RSSR 22228222 222 22 2L PRELOAD CYCLE stk olok R ok ok o o o ok ok kok ok ok ok ok K

Preload Load % Load [N] Load cell output [mV/V]
1 150.1 33017204.0 2.6321
2 150.2 33037238.0 2.6408
3 150.1 33030262.0 2.6409

dkkkkkkkkkkkrkkkkkkkkkkE CALIBRATION CYCLE EERREEREXREFEERRRERERENKEEK

CoefTicients of optimized line fit: Theoretical output at full load Maximum { Maximum |Number
Test No. OUTPUT = A+B*LOAD B*CAPACITY linearity |hysteresis |of test
A [mV/V] B [mV/V/N] [mV/V] error [%)] | error {%] |samples:
1 0.0041 7.9979E-08 1.7595 0.111 0.154 691
2 0.0047 7.9954E-08 1.7590 0.110 0.153 678
3 0.0047 7.9950E-08 1.7589 0.107 0.139 685

Load values were based on the output from master calibration load cells,

C1880 20, C1880_12, C1880_13, C1880_14, C1880_15, C1880_16, C1880_17, C1880_18, C1880_19, .
calibrated in accordance with ASTM specification E 74-91 against standard traceable to the National Institute of
Standards and Technology in Washington D.C. USA. Based on the test data from 3 load cycles, the load cell
output vs. applied load is represented by the straight line equation of the form: OUTPUT=A+B*LOAD, where the
coefficients A and B are as follows:

A= 0.0045 mv/V
B= 7.99717E-08 mV/V/N

Optimized full load sensitivity=B*CAPACITY = 1.7594 mV/V

Standard deviation of least squares fit: s = 0.0010 mV/V
Uncertainty (ASTM E74-91) = 2.4%s = 0.0025 mV/V
or 313152 N

or 0.14 % of full scale output
Output with shunt resistor put across BLACK and WHITE leads:

Shunt Res. |OUTPUT(shunt) SIMULATED OUTPUT
{K-ohm] [mV/V] % [N] [kg] {Ib]
=> 50 1.2024 68.34 {15035811.0| 1533192.2 | 3380184.0
> 100 0.6021 34.22 | 7529304.0 | 767758.4 | 1692654.5
> 150 0.4017 22.83 | 5022678.5 | 512159.4 | 1129142.8
200 0.3013 17.13 | 3768161.4 | 384237.1 | 847116.2
250 0.2412 13.71 | 3015516.1 | 307490.3 | 677914.8
300 0.2010 1142 | 2513066.6 | 256255.8 | 564959.7
350 0.1723 9.79 2154439.1 | 219686.8 | 484337.1
400 0.1508 8.57 1885289.7 | 192241.8 | 423829.9
500 0.1206 6.86 | 1508373.9 | 153807.9 | 339095.9
600 0.1005 5.71 1256989.6 | 128174.4 | 282582.4
700 0.0862 4.90 1078131.8 | 109936.4 | 242373.6
800 0.0754 4.28 942594.0 | 96115.7 | 211903.5
Maximum test linearity error 0.116 % of full scale output

0.154
0.037
0.116

Maximum test hysteresis error
Maximum test repeatability error
Combined error (+/-)

% of full scale output
% of full scale output
% of full scale output



Page 2. (Computed Load Table)
GEORGE KELK CORPORATION
LOAD CELL CALIBRATION REPORT

Model No.: C3929 Work Order No: JR10483
Serial No.: 13 Bridge 1 of 3 Test date: 05-19-2016
Capacity: 22000000 N Test by: WP
Calibration facility: 10000000 Ib
Test No.1 Test No.2 Test No.3
Load Applied Load Cell | Load Applied Load Cell | Load Applied Load Cell
Step Load Output Step Load Output Step Load Output
% N] [mVV] % [N} [mVV] % [N) [mVV]

10.01 | 2202096.8 | 0.1814 | 10.02 | 2205295.3 | 0.1819 | 10.01 | 2202172.0 | 0.1815

14.98 | 3296566.3 | 0.2683 | 14.99 | 3297257.0 | 0.2685 | 15.13 | 3327960.3 | 0.2708

20.02 | 4403782.0 | 0.3567 | 20.04 | 4407787.0 | 0.3572 | 20.01 | 4401986.5 | 0.3566

24.94 | 5486938.0 | 0.4434 | 24.92 | 5482094.0 | 0.4432 | 24.87 | 5471070.5 | 0.4422

30.13 | 6628926.5 | 0.5350 | 29.87 | 6571482.0 | 0.5306 | 30.14 | 6630306.5 | 0.5352

35.01 | 7702057.0 | 0.6210 | 34.86 [ 7668868.0 | 0.6185 | 34.95 | 7688134.5 | 0.6200

39.94 | 8785963.0 | 0.7078 | 40.09 | 8819159.0 | 0.7107 | 39.92 | 8782701.0 | 0.7077

44.88 | 9874659.0 | 0.7951 [ 45.00 | 9899419.0 [ 0.7972 | 44.95 | 9889994.0 | 0.7964

49.91 | 10979253.0] 0.8834 | 50.07 | 11016187.0] 0.8865 | 50.13 | 11028017.0 0.8874

54.87 | 12072069.0| 0.9707 | 54.91 | 12079451.0| 0.9714 | 55.10 {12121057.0| 0.9747

60.06 | 13212162.0f 1.0618 | 59.95 | 13189486.0| 1.0601 | 60.04 | 13209283.0| 1.0616

65.09 [14319261.0] 1.1502 | 64.97 [ 14293014.0| 1.1481 | 65.04 | 14308382.0| 1.1493

70.07 | 15414816.0| 1.2375 | 70.05 | 15411891.0] 1.2374 | 70.01 | 15401304.0| 1.2364

75.09 | 16518949.0| 1.3255 | 74.98 | 16495793.0} 1.3238 | 75.01 | 16502157.0] 1.3241

79.89 | 17574852.0] 1.4097 | 79.89 |17576384.0] 1.4098 | 79.96 [ 17590284.0| 1.4109

84.89 | 18675880.0] 1.4974 | 85.07 | 18714960.0] 1.5005 [ 84.93 | 18683942.0| 1.4980

89.89 | 19774894.0| 1.5848 | 89.98 [ 19795984.0| 1.5866 | 89.90 | 19777736.0| 1.5850

95.12 120926174.0] 1.6765 | 95.02 |20903450.01 1.6748 | 95.10 | 20922352.0| 1.6761

100.08]22017870.0] 1.7633 | 99.97 |21994266.0| 1.7615 |100.04[22007952.0| 1.7625

95.11 [ 20924842.0] 1.6765 | 95.03 [20907668.0| 1.6753 [ 95.01 [ 20902336.0| 1.6748

90.02 | 19803560.0] 1.5875 | 89.90 [ 19778764.0| 1.5857 [ 89.92 | 19783290.0| 1.5859

85.00 [ 18700908.0] 1.4998 | 85.10 [ 18721504.0| 1.5016 | 85.08 | 18716554.0| 1.5011

80.02 | 17604012.0| 1.4126 | 80.10 [ 17621440.0| 1.4141 | 80.07 | 17616282.0| 1.4135

75.04 | 16508084.0] 1.3253 | 75.12 [ 16525893.0| 1.3269 | 75.01 | 16502226.0| 1.3250

70.10 | 15422471.0] 1.2389 | 69.88 [ 15373893.0] 1.2352 | 70.01 | 15401565.0 1.2373

64.88 | 14273865.0| 1.1473 | 64.89 | 14274822.0| 1.1475 | 65.06 [ 14313005.0] 1.1505

59.98 [13196312.0{ 1.0613 | 59.91 [13180754.0| 1.0602 | 60.11 | 13223305.0{ 1.0637

55.06 | 12112237.0] 0.9747 | 54.91 [12079913.0| 0.9724 | 55.11 [12123936.0 0.9759

49.91 [10980639.0{ 0.8842 | 49.99 | 10998709.0 0.8859 | 49.96 | 10990830.0| 0.8853

44.95 | 9888036.0 [ 0.7968 | 45.12 | 9926231.0 | 0.8000 | 44.91 | 9880452.0 | 0.7964

39.98 | 8795148.0 | 0.7092 | 40.00 [ 8799391.0 | 0.7097 [ 40.11 | 8823959.0 | 0.7117
35.03 | 7707375.5 | 0.6219 | 35.06 | 7713487.0 | 0.6226 | 35.11 | 7725251.0 | 0.6236
30.07 | 6614339.0 | 0.5341 | 30.11 | 6624381.5 | 0.5350 [ 30.12 | 6625468.0 | 0.5351

24.89 | 5476621.5 | 0.4423 | 25.02 | 5503913.0 | 0.4448 | 24.93 | 5484179.0 | 0.4432

19.98 | 4396573.5 | 0.3551 | 19.91 | 4380765.5 | 0.3542 | 19.94 | 4386725.5 | 0.3547

16.09 | 3319595.0 | 0.2682 | 15.10 | 3322271.3 [ 0.2687 | 14.91 | 3279873.3 | 0.2653
9.95 | 2189979.3 [ 0.1777 | 10.08 | 2217168.3 | 0.1802 | 9.93 | 2184692.3 | 0.1776
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