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Memorandum

Date: September 3, 2013

To: Honorable Xavier Suarez
Commissioner — District 7

From: Carlos A. Gimenez
Mayor %@
Subject: Kiewit - Bear Cut Bridge Existing Foundation Analysis Engineering Report

In response to your memo of August 7, 2013 requesting a copy of the report regarding the Bear Cut
Bridge structural integrity, attached please find a memo from Public Works and Waste Management
(PWWM) Director Kathleen Woods-Richardson and the engineering analysis of the foundation
prepared by the contractor's (Kiewit) engineer of record, Hardesty & Hanover.

If you have any questions, please contact PWWM Director Ms. Woods-Richardson at 305-514-6628 or
me at 305-375-1880. ’

Attachments

o Honorable Chairwoman Rebeca Sosa and Members, Board of County Commissioners
Honorable Franklin Caplan, Mayor, Village of Key Biscayne
Mayra Pena Lindsay, Vice Mayor, Village of Key Biscayne
John Gilbert, Village Manager, Village of Key Biscayne
R. A. Cuevas, Jr., County Attorney
Alina T. Hudak, Deputy Mayor
Kathleen Woods-Richardson, Director, Public Works and Waste Management
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Memorandum

Date: August 28, 2013
To: Honorable Carlos A. Gimenez
Mayor

Through Alina T. Hudak, Deputy Mayor

Office of the Mayor ’
%@,ﬁwﬁa Cli A
on, Director

From: Kathleen Woods-Richards
Public Works and Waste Management Department

Subject: Kiewit - Bear Cut Bridge Existing Foundation Analysis Engineering Report

Background
The Design/Build Contractor for the rehabilitation of the Bear Cut and West bridges on the
Rickenbacker Causeway, Kiewit Infrastructure South, Inc. (Kiewit), has submitted an existing
foundation analysis engineering report to Miami-Dade County (County). This report was
requested by the County in order to evaluate the load carrying capacity of the existing piles on
the portion of the Bear Cut Bridge (Bridge) that was built in the mid 1940's and that are to
remain in place following the rehabilitation of the Bridge. The report includes the results of:

e Hydrographic and Topographic surveys.

e Soil borings.

e Parallel Seismic Testing results.

e Calculations of the existing pile capacities.

e Calculation of actual loads on these existing piles.

e Resulting factors of safety of the existing bridge piles.

The report findings are based on the analysis of eight (8) piles on the Bridge. These piles are
located on selected piers (numbers 5, 8, 13, 19, 24, 30, 35 and 40) along the full length of the
bridge and are therefore representative of the total number of piles on the Bridge. The report
contains the results of the field work (e.g., soil borings, parallel seismic testing results) as well
as engineering calculations and analysis, and a summary of the findings and conclusions.

The report was initially received on August 16, 2013, and was discussed in a meeting between
Kiewit and PWWM staff on August 20, 2013. A revised report that included a summary of
findings, conclusions, additional calculations, and an additional table requested by PWWM staff,
was provided on August 26, 2013.

Design Methods

A brief explanation of the design methods referenced in the report is as follows. The Allowable
Stress Design (ASD) method also known as the Working Stress Method was used on the
original Bridge's design, and its use was allowed until the implementation of the 1999 American
Association of State Highway Transportation Officials (AASHTO) Interim Manual. The official
manual was published in 2002. This method limits the stresses on a structural member below
their capacity, therefore providing a safety factor. This method does not consider the statistical
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variability of different loads such as live (i.e., traffic loads) and dead (i.e., weight of the
concrete/steel members) loads.

The Load Factor Design Method (LFD), adopted by AASHTO in 1971, is also known as the
Ultimate Strength Design method. It recognized that live loads (i.e., traffic loads) are more
variable than dead loads (i.e., weight of the concrete/steel members) and thus it applies
different factors to these loads in order to account for this variability. Although the Bridge was
not designed with this method, it is used for evaluating older bridges and was used by the
Florida Department of Transportation in its rating of the superstructure of both the West Bridge
and Bear Cut Bridge in 2012.

Finally, in 2007 the Federal government issued a mandate that all new bridges be designed
using a new Load and Resistance Factor Design method (LRFD). This method was not included
in this analysis since it is not customary to refurbish older bridges to these new standards. To
date, only a handful of the 209 County maintained bridges have been designed using this
method. This also applies to thousands of bridges nationwide built prior to 2007. Therefore, it is
the opinion of staff that this method is not applicable to the evaluation of bridges built prior to
2007.

Allowable Stress Design Method

The desired safety factor for the ASD, used for the design of the original Bridge, is 2.0. As
referenced in the report, “a factor of safety of 2.0 for pile capacities is considered appropriate for
a foundation that has exhibited its integrity for the past 67 years.” The factor of safety was
calculated for the estimated pile length as well as an upper and lower bound length based on a
test variability of 5 % to 10% for each pile. The “estimated pile penetration”, reflected in the Pile
Capacity Evaluation Chart, is the result of the interpretation of test data by the subcontractor,
Applied Foundation Testing (AFT), and is the likely existing penetration. The estimated
penetration also corresponds to the depths of the sandy limestone indicated in the borings
performed as part of the testing. The report indicates all piles meet the required ASD factor of
safety for the estimated pile length. One (1) pile which shows an estimated pile penetration
safety factor of 1.95 is considered as having met the criteria since it is reasonably close to the

desired 2.0.

As mentioned above, the upper and lower bound lengths for each pile are included in the highly
technical investigation conducted by AFT. Since this type of investigation is impacted by the
effects of soil, water and the multiple piles in each foundation, an exact measurement of the pile
lengths is subject to a 5% to 10% variability. This results in the “upper” and “lower” bound
values for the estimated pile length. The use of the estimated or likely pile length is based on
the latest techniques and currently accepted practices as noted in AFT’s report.

The report notes that three (3) of the eight (8) piles (5, 24, and 30) have lower bound
penetration ranges that do not meet the required factor of safety. However, since the average
range for pile 5 is close to 2.0, and over 2.0 in the case of piles 24 and 30, they are deemed
acceptable since the report findings reveal that all eight (8) existing piles have sufficient load
carrying capacity using the “estimated pile penetration”.

Load Factor Design Method

The report also provides the safety factors resulting from applying the LFD. The desired safety
factor for the LFD method is 1.0, since there are already factors for safety introduced into the
analysis itself. The report provides that the LFD range is from 0.79 to 2.37 using the estimated
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pile penetration. The only pile under 1.0 is located at pier number 5, with a rating of 0.79.
However, it is deemed acceptable since its ASD safety factor is 1.95 and there are no
observable signs of distress, such as settlement or cracking of concrete on any pier.

The report also addresses the existing pile’s capacity after an extreme event, such as a major
hurricane. The LFD method shows that the safety factors for three (3) of the piers are less than
1.0 after an extreme event when including full traffic loads on the Bridge. However, provided
traffic is routed off the 1940's portion of the bridge, the minimum LFD factor would be an
acceptable 1.03. Furthermore, the report finds that the ASD safety factor ranges from 2.15 to
4.44 under similar circumstances. As is customary with all County maintained bridges, following
an extreme event, the County would follow procedures limiting traffic loads until a full
assessment of the actual impact to the Bridge was completed, and remedial actions were taken.

Conclusion

In summary, the foundation of the Bridge has exhibited its integrity and safely supported the
loads imposed on it for the past 67 years. The report notes that "due to the fact that the new
superstructure is not increasing the axial loads on the existing foundation the factors of safety
which existed prior to the rehabilitation will remain consistent upon completion of the County’s
specified work”.

Furthermore, as stated in the report’'s conclusion, “If the contract prescribed substructure
improvements, as specified by Miami-Dade County, is all that is required and periodic
maintenance of the substructure, which includes sealers, cathodic coatings, active cathodic
protection and other maintenance methods is performed, this may allow this bridge to provide
an additional 20-30 years of continued life, barring an extreme event such as coastal storm
surges, extreme wind events (above 100 mph), and vessel collision.”

Finally, based on the results of the report, the County will proceed with the planned demolition
and replacement of the older portion of both the Bear Cut and West bridges in order to maintain
the project’s schedule of substantial completion by the end of February 2014. Upon completion
of the work, the County will begin the process of identifying funding for a Project Development
and Environmental Study for the complete replacement of the Bear Cut and West Bridges.

Should you require additional information, please contact my office at 305-375-2960.

Attachment

(¢4 Honorable Harvey Ruvin, Clerk of the Board
Robert A. Cuevas, Jr., County Attorney
Hugo Benitez, Assistant County Attorney
Christopher Agrippa, Division Chief, Clerk of the Board
Antonio Cotarelo, P.E., Interim County Engineer, PWWM



August 16, 2013 KSE-MDC-028

Miami-Dade County
Public Works and Waste Management

Antonio Cotarelo, P.E.
Interim County Engineer
111 NW 1* Street, 16" Floor
Miami, Florida 33128

Subject: Bear Cut Bridge Existing Foundation Analysis Engineering Report

Mr, Cotarelo,

As requested by Miami-Dade County, Kiewit is submitting the engineering analysis of the foundation on the Bear Cut
Bridge on Rickenbacker Causeway. The report was prepared by our engineer of record, Hardesty & Hanover. After
Miami-Dade County personnel have reviewed our analysis, please direct us how to proceed.

If you have any questions or require additional information please feel free to contact me at your earliest convenience.

Sincerely,

Kiewit Infrastructure

cC: Marcos Redondo — Miami-Dade County
Luis Baldo — Miami-Dade County
Frank DiGilio — Kiewit
Correspondence File

Kiewit Infrastructure South Co. EEO Employer
Bear Cut Bridge Rehabilitation

13680 NW 5" Street, Suite 130 Sunrise, FL 33325

(954) 835-2228 (954) 835-2335 fax
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August 16, 2013

Frank DiGilio

KIEWIT INFRASTRUCTURE SOUTH CO.
13680 NW 5™ Street Suite #130

Sunrise, Florida 33325

Re: Rickenbacker Causeway Bear Cut Bridge Existing Foundation Analysis

Dear Frank,

Please find attached the results of the engineering analysis of the existing unknown foundations (1947 Bridge) of
the Bear Cut Bridge. The purpose of this investigation was to assess the capacity of the monotube pile foundations
and assess their adequacy to support the new superstructure and live load based on the AASHTO Standard
Specifications for Bridges 17" Edition as per the Design Criteria provided in RDBS Volume II page 19 of 29.
The use of the 17" Edition is appropriate for structures designed prior to 1999 due to the additional loading
requirements of the LRFD Specification introduced in 1999. The 1947 bridge substructure was not designed for
extreme lateral load events such as coastal storm surges, extreme wind events (above 100 mph), and vessel
collision. As such these loads were not applied in our analysis.

The 1947 Bridge consists of a multitude of identical 51°-4” spans which are supported by reinforced concrete
piers of similar construction. Each concrete pier is supported by two waterline footings with an array of 5 tapered
steel corrugated pipe piles for a total of 10 piles per pier. The outside perimeter piles are battered and the center
pile is vertical (See Figure 1 in the calculations). The 18-inch diameter tapered steel corrugated piles, commonly
known as monotube piles were manufactured by Union Metal, now known as the Monotube Pile Corporation.
The Monotube Pile Corporation is still a supplier of tapered steel corrugated piles for the bridge construction
market.

Each tapered pile is assumed to have been driven into the substrata with a pneumatic pile hammer until refusal
and filled with concrete in order to safely support the bridge loads. Each pile protrudes above the bay bottom info
the waterline footing at the water’s surface of Biscayne Bay. Tapered piles have the advantage of developing
larger capacitates than non-tapered piles with increased skin friction developed due to wedge action that is created
when driven into the substrata.

At the time of construction, AASHO Standard Specifications for Highway Bridges 4™ Edition required piles to be
driven until a factor of safety of 2 was reached either by load test or using the appropriate pile driving formula as
stated in Article 2.3.6 of AASHO. Since the piles are exposed from the bay bottom to the waterline (although
many of the piles are jacketed with reinforced concrete) the geometric properties of the exposed piles were
determined. However, there are no historical records of the existing bridge construction, and therefore insitu
investigative techniques were necessary to determine pile lengths.
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In summary, the following information was gathered for this analysis in order to estimate the axial pile capacity of
the eight referenced pile:

i [

Hydrographic and Topographic Survey of the bay bottom and surrounding area in the vicinity of the
bridge structures was performed in order to determine the mud line elevations of each pile tested for
capacity.

Soil Borings- 8 soil borings were taken at 8 different piers at the Bear Cut Bridge (Piers
5,8,13,19,24,30,35,40). The soil borings were 100 feet deep taken adjacent to the existing straight pile
(within 5 feet) in order to obtain soil samples of the underlying strata to determine their engineering
properties. The only straight pile at each pier footing is the center pile of the 5 pile array. A foundation
report is attached with this summary letter from Tierra South Florida providing Davisson Pile Capacities
based on the geotechnical data gathered.

Parallel Seismic Tests- were performed to determine the penetration depth of the existing pile (Pile Tip
Elevation) for each of the 8 selected piles. The casing used to extract the soil boring described in Step 2
was filled with sand and used as insulation for the 2-inch diameter PVC tube that was inserted inside the
casing. The 2-inch tube was used to send an impulse created by a hammer down the tube to measure the
seismic waves. The seismic waves were recorded and the data was analyzed with a Freedom Data NDT
PC Parallel Seismic system to determine the location of the end of the pile. This test is used by FHWA
and FDOT for unknown foundation studies. The pile lengths provided in the Summary of Parallel Seismic
Results Table (on page 4 of the AFT Final Report of Parallel Seismic Testing Rehabilitation of Bear Cut
Bridge dated August 5, 2013) were used to determine the individual pile capacities. Due to uncertainty in
the individual pile lengths, the variability of the estimated pile length is provided for each pile. The report
is included with this summary letter which also provides the data collected, and analysis performed to
estimate the pile lengths.

Pile Capacities- Davisson Pile capacities for each pile were determined using the Nordlund Method. In
discussion with Tierra South Florida and the Monotube Pile Corporation it was determined that the
Nordlund Method best represents the actual capacity of a monutube tapered pile as it accounts for its taper
in developing friction, and is the method recognized by the FHWA (Publication No. FHWA NHI-05-042
April 2006). As shown in the calculation table, the angle of the taper (0.95 degrees) is required to
determine pile capacity. In conversations with Monotube Pile Corporation, the taper of the pile was
confirmed by the known geometric properties of the pile (diameter, length, and required 8 inch tip
diameter by 1944 AASHO). Axial pile capacities corresponding to the estimated range of pile lengths are
provided in the Geotechnical Report by Tierra South Florida attached to this summary letter.

Pile Loads, Service Factors, and Factor of Safety- are represented in the Pile Capacity Table. The
structural strength of the pile is used when the geotechnical capacity exceeds the structural strength of the
pile. In these instances, the structural strength of the pile was calculated using the allowable compressive
strength of the concrete only. The pile loads for each pier were calculated using the dead load of the new
superstructure and existing substructure, and a live load of 3 lanes loaded with HS-20 trucks with a 0.9
multi-presence factor. Axial pile capacities corresponding to the estimated range of pile lengths was
compared against Allowable Stress Design (ASD) Loads (Original Design Method) and factored loads
(17" Edition of AASHTO Specification for Highway Bridges-LFD). The conclusions included rely on
the ASD factors of safety, the LFD factors are provided for reference only.

Scour Analysis. Scour analysis was performed by OEA Inc. As stated in the Scour Report, a Reta Test
was performed by FDOT Materials Office to determine the scourability of the bay bottom hard layer in
order to provide more reliable analysis of the scour. A separate pile capacity table is provided for the
scoured condition,
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Results & Discussion

A factor of safety of 2.0 for pile capacities is considered appropriate for a foundation that has exhibited its
integrity for the past 67 years using unfactored or service loads. The factor of safety was calculated for the likely
pile length as well as an upper and lower bound for each pile. As shown in the Pile Capacity Table (Non-Scoured
condition) all piles meet the required ASD factor of safety for the likely pile length.

All of the piles meet the required factor of safety for the upper bound of pile lengths. Three pile do not meet the
required factor of safety for the lower bound(see Pile Capacity Table).

The Pile Capacity Table (Scoured Condition) exhibit two piles in piers 5 and 30 with a Factor of Safety of 1.7 and
1.9 respectively. As per request of the County, an additional Scoured Condition Pile Capacity Table is provided
showing the Factor of Safety with dead load only applied to the foundation. This Table is provided to show that
the capacity of the substructure after a scour extreme event allows the bridge to be safely inspected with no
vehicular traffic on the bridge.

Conclusion

Based on the analysis conducted for the eight referenced piles, our conclusions are limited to the axial capacities
of the subject piles. Our analysis indicates that the eight piles provide satisfactory factors of safety for their likely
embedment depths. However, our analysis indicates that piles 5, 24 and 30 may not provide the required factor of
safety for the lower bound of the estimated pile lengths.

As concrete structures age in severe environments (sea spray and salt air contamination) more maintenance is
required to ensure substructure integrity. If the contract prescribed substructure improvements, as specified by
Miami-Dade County, is all that is required and periodic maintenance of the substructure, which includes sealers,
cathodic coatings, active cathodic protection and other maintenance methods is performed, this may allow this
bridge to provide an additional 20-30 years of continued life, barring an extreme event such as coastal storm
surges, extreme wind events (above 100 mph), and vessel collision.

Prudent design of bridge rehabilitation is to minimize or prevent any additional load applied to the existing
substructures to ensure settlement or distress of the existing foundation does not occur. The test of time of 67
years has shown this structure has safely supported the load applied. Due to the fact that the new superstructure is
not increasing the axial loads on the existing foundation the factors of safety which existed prior to the
rehabilitation will remain consistent upon completion of the County’s specified work.

Very Truly Yours,

ity ) VIl

Timothy J. Noles, PE
Principal




MIAMI-DADE
COUNTY

Foundation Evaluation
of the
Existing Bear Cut Bridge Pier

Prepared for

Miami-Dade County

by
Hardesty & Hanover, LLC
August 16, 2013
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Structural Foundation Analysis
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ww GEOTECHNICAL ENGINEEAING  IARTERIAL TESTING  INSPECTION SEAVICES

August 15, 2013

Hardesty & Hanover, LLP
1000 Sawgrass Corporate Parkway, Suite 544
Sunrise, I'lorida 33323

Attn:  John Low, P.E.
Project Manager

RE: Engineering Services Report for Unknown Foundation
Bear Cut Original Bridge
Miami-Dade County, Florida
TSF Project No.: 7111-13-118

Dear John:

Tierra South Florida, Inc. (TSF) has performed a Geotechnical Enginecring Service for the
subject project. The results of our field exploration program and subsequent Geotechnical
evaluations are presented in this report.

TSF appreciates the opportunity to be of service to Hardesty & Hanover, LLP on this project and

looks forward to working with you on future projects. If you have any questions or comments
regarding this report, please contact our office at your earliest convenience.

Sincerely,

TIERRA SOUTH FLORIDA, INC.

Lo N N Ul o Zoss

Raj Krishnasamy, P.E. Wenbin Zhao, Ph.D.
President Staff Engineer
FL. Registration No.53567 7
& Z
{ Va2 Lo
i e ’/,//._""'_‘// 2
= '; = 'l = =3 : 3
'%%f‘,‘ Fme O{\ ’%gi arhgkumar Vedula,(P.E.
4:;%:;;‘_[‘!-_@5}\?}'-;;‘;&3 SPrincipal Engineer ‘
%, SIoMAL “:\\Q;‘ FL. Registration No.54873

2765 VISTA PARKWAY, SUITE 10 - WEST PALM BEACH, FLORIDA 33411
(561) 687-8539 - FAX (561) 687-8570
State of Florida Professional Engineers License #28073
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Engineering Services Report for Unknown Foundation 1
Bear Cut Original Bridge

Miami-Dade County, Florida

TSF Project No.: 7111-13-118

1.0 PROJECT BACKGROUND AND DESCRIPTIONS

The project, as we understand it, is to rehabilitate West Bridge (Bridge No. 874541) and Bear
Cut Bridge (Bridge No. 874544) in Miami-Dade County, Florida. Additionally, Bear Cut Bridge
will be widened on the north side to provide additional space for pedestrian and bicycle traffic.

The Bear Cut Bridge connects Virginia Key and Key Biscayne on Rickenbacker Causeway. The
original Bear Cut Bridge was built in 1944 and widened later in 1984 on the south side of the
bridge.

The rehabilitation plan of the original Bear Cut Bridge, based on the Miami-Dade County’s
Request For Proposal (RFP) of this project, calls for reuse of the existing bridge substructure
(piles, pile caps, pier columns and girders), while the original bridge superstructure (bridge deck
and beams) will be demolished and rebuilt. Additionally, some repair work, such as spall repairs,
will be performed to the existing substructures. However, there are concerns about the
capabilities of the 1944 bridge foundation among the County and bridge users. The Design-Build
team was assigned with additional services on top of the ongoing bridge rehabilitation contract to
evaluate the existing foundation of the original Bear Cut Bridge.

The purpose of this study was to provide Geotechnical (i.e. soils and groundwater) input to the
design team and perform limited foundation axial capacity analysis to assist in evaluation of the
existing pile foundations of the original Bear Cut Bridge.

2.0 SCOPE OF SERVICES
To fulfill the project objectives, the following services were provided:

e Drilled at 8 bridge pier locations and installed a 140-foot PVC casing for Parallel
Seismic Testing (PST) at each location.

e Provided pontoon boat and a boat operator to assist in PST testing conducted by
Applied Foundation Testing (AFT).

e Performed pile axial capacity analyses and prepared soil parameters for FB-pier
analysis.

e Prepared this Geotechnical Service Report for the unknown foundations.

These Geotechnical Services were performed in general accordance with Miami-Dade County
Standards and the FDOT “Soils and Foundations Handbook™.

The scope of our services does not include any environmental assessment or investigation for the
presence or absence of hazardous or toxic materials in the soil, groundwater, or surface water
within or beyond the site studied. Any statements in this report regarding odors, staining of soils,
or other unusual conditions observed are strictly for the information of our client.
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3.0 FIELD EXPLORATIONS

3.1 Field Work

Since no pile driving records of the existing bridge are available, the team had to take efforts to
determine the pile type and penetration depths. The method to determine pile length in this project is
to conduct Parallel Seismic Testing (PST). The services were carried out in field by AFT.

To conduct PST tests, a hole has to be drilled into ground and PVC casing will be installed in the
drilled hole and filled with water. A hydrophone, a PST instrument, will be lowered down into
the PVC pipe to various depths during the testing. Also, the PVC casing needs to be close to the
targeted pile; the closer the casing the more effective the test will be.

Eight locations across the bridge were selected to conduct PST tests in this study. They are at the
north footings of Piers 5, 8, 13, 19, 24, 30, 35, and 40. The PVC casings were installed right off
the pile caps (footings) at the center point on the east side. In this way, the PVC casings would
be closest to the targeted piles, which are the plumb piles underneath the pile caps at the center.
After the PVC casings were placed in position, the gap between the boreholes and casings were
backfilled with sand.

The boreholes were created by conducting Standard Penetration Test (SPT) and SPT borings can
provide subsurface soil information at the test locations that will be used further in the unknown
foundation evaluation. The borings were performed from the existing ridge deck, drilled to
depths of 80 and 100 feet below the seabed.

Approximate locations of the borings are presented on Report of Core Borings in Appendix A.
The SPT borings were drilled using a D-50 (equipped with a safety hammer) drill rig and mud
rotary procedures. In the borings, samples of the in-place materials were obtained continuously
in the upper 10 feet and at a 2.5-foot interval thereafter.

The samples of the in-place soils were returned to our laboratory for classification by a
geotechnical engineer. The samples were visually classified in general accordance with the
ASTM Unified Soil Classification System. Approximate locations and Soil profiles of the
borings are presented in the Appendix A.

3.2 General Soil Condition

The subsurface conditions encountered at the site below the top soil typically consisted of sand
and sandy limestone. The SPT N values indicate that the sands are generally in loose to very
dense conditions.

A Geotechnical engineer based soil stratification on a visual review of the recovered samples,
laboratory testing, and interpretation of the field boring logs. The boring stratification lines
represent the approximate boundaries between soil types of significantly different engineering
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properties; however, the actual transition may be gradual. In some cases, small variations in
properties not considered pertinent to our engineering evaluation may have been abbreviated or
omitted for clarity. The boring profiles represent the conditions at the particular boring location
and variations do occur among the borings.

4.0  EXISTING PILE FOUNDATION

4.1 General

The bridge substructure consists of two abutments and forty intermediate bridge piers. Each pier
has 2 columns; each column is supported by a footing/ pile cap with a cluster of 5 piles
underneath. Four piles are on the four corners of the pile cap; one pile is at the center. Previous
construction plans (Appendix B) and field observations show the four corner piles are battered
and the center pile is plumb. Also, some the piles were jacketed during 1980’s.

4.2 Pile Information

There are no previous construction records for the piles. The field observation and information
from the piling repair plan confirmed the piles are monotube piles. The monotube piles used on
the original Bear Cut Bridge was manufactured by The Union Metal Manufacturing Co. Later,
the company actually making this pile has gone through several corporate changes over the
years. However, the Monotube pile products have not changed since.

A monotube always consists of a tapered lower section and constant-diameter upper section, and
is cold-rolled and fluted for extra strength. The tip of monotube pile is closed with reinforced
steel.

The document in Appendix B shows the monotube products used on the project were 45 feet
long. We understand that, based on the conversation between structure engineers (H&H) and the
Monotube manufacture, 8-inch tip diameter has been the standard since 1920 and occasionally,
pile with tip diameters of 6 to 12 inches might have been produced. Based on the available
information and the monotube product online catalog (www.monotube.com), the piles used on
the bridge are believed to be Y Taper monotube and the geometric properties are provided in the
following tables.

Taper Steel Tapered Butt Constant
Taper Angle Shell Tip Diameter 2P ; Diameter
: - Section Length | Diameter :
Type (degree), | Thickness (in) (fo) (in) Section
O (gauge) Length (ft)
Y Taper
(.40 Inch 0.95 7 8 25 18 20
Per Foot)
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The actual embedments of the piles were unknown to us. Eight piles were selected to determine
their lengths by performing PST tests. The tests were conducted by AFT, and the results in
Appendix D. A summary of the estimated pile penetration is presented in the following table.

Estimated
Pier No Estimat@d Pile | Variability in Pile | Lower Bound Higher Bound
" | Penetration (ft) | Length Estimate Penetration (ft) Penetration (ft)
(ft)
5 19.1 +2to4 15.1 23.1
8 25.7 +3to5 20.7 26.4
13 22.8 3105 17.8 254
19 20.4 +3to5 15.4 24.8
24 15.8 +3to5 10.8 20.8
30 20.0 = 34 5 15.0 23.1
35 19.4 +2t04 15.4 23.4
40 33.1 +3 105 28.1 38.1

Note that information regarding Estimated Pile Penetration and Estimated Variability in Pile
Length Estimate is obtained from AFT report; Lower Bound Penetration and Higher Bound
Penetration were inferred from AFT data and also take the total pile length into account.

5.0 ENGINEERING EVALUATIONS AND DISCUSSIONS

5.1  Pile Axial Capacity - General

Since a small fraction of the bridge piles were tested to estimate the pile penetration and
subsurface soil properties change from location to location, only the piles with estimated length
from PSTs were analyzed for axial capacity evaluation.

5.2 Axial Capacity Analysis Method

In Florida, geotechnical engineers typically used FB-Deep computer program to estimate pile
axial capacities. The program can analyze cylindrical pipe piles. However, piles used for the
existing bridge foundation are montube steel tapered piles. Therefore, the FB-deep program is
not suited to estimate the capacities of the tapered piles on the bridge.

Nordlund did research on tapered piles’ skin resistance and published the results in 1963 and
1979 (reference 1&2). Later, his method was introduced in the development of a Windows based
computer program, Driven 1.0, sponsored by U.S. Department of Transportation Federal
Highway Administration; the program has a component to calculate the capacities of Monotube
piles. We used his method to estimate the skin resistance of the tapered piles in this study and
used Thurman’s method to estimate the tip resistance. Both of the methods can be found in the
User’s Manual for Driven 1.0 program (reference 3).
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5.3  Analysis Results

In our analysis, we use the Estimated Pile Penetration along with 8 pile tip diameter and without
considering scour to establish a Baseline situation, and from there to estimate as the Baseline pile
axial capacities at the test locations. Due to the intrinsic uncertainty involved in the unknown
foundation analysis, three variables were considered to evaluate the variability of the pile
capacity: Pile Penetration, Pile Tip Diameter, and scour. The detailed analysis results using the
variation in these three variables are presented in Appendix C.

Capacity with Pile Penetration Variation

The AFT report gives the Estimated Pile Penetration. However, due to variations in the test itself,
the variability in pile penetration were estimated up to +5 feet. The uncertainty in pile
penetration may introduce most variation in pile axial capacity. Lower and Higher Bound
Penetration (Table in Page 4) were used to estimate the axial capacity and the results were
compared with the Baseline capacity; a summary table is shown below.

. Pile Axial Capacity with Pile Penetration Variation
Estimated g G g
Pier Pile - . (kips) Variation Range
No. | Penetration Estlmated. Pile Lower Bound | Higher Bound (Compa} Rd1e
Penetration, . . Baseline)
(ft) . Penetration Penetration
Baseline
5 19.1 149 112 206 -25.1% ~ 38.0%
25.7 468 259 493 -44.6% ~ 5.4%
13 22.8 284 181 511 -36.2% ~ 80.0%
19 20.4 364 194 565 -46.8% ~ 55.2%
24 15.8 228 101 423 -55.9% ~ 85.3%
30 20.0 190 105 276 -44.8% ~ 45.0%
35 19.4 290 215 402 -25.7% ~ 39.0%
40 33.1 493 339 764 -31.3% ~ 55.0%
Average 308 188 455 -39.0% ~ 47.6%

Note: 8-in tip diameter was used and no scour was considered in the axial capacity estimates.

Capacity with Pile Tip Diameter Variation

In addition to the Baseline case, 6 and 12-in tip diameters were used in our analysis to evaluate
the variability of pile capacities. The results are summarized in the following table. The results
show that using an 8-in tip diameter is more conservative than using a 12-in tip diameter.
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No. Pile Length . (Compared to
(ft) 8-in tip, Baseline | 6-in tip 12-in tip Baseline)

5 19.1 149 134 180 -10.2% ~20.7%
8 25.7 468 419 572 -10.5% ~22.4%
13 22.8 284 252 351 -11.0% ~ 23.7%
19 20.4 364 325 447 -10.7% ~ 22.7%
24 15.8 228 197 296 -13.8% ~ 29.5%
30 20.0 190 165 243 -13.1%~27.9%
35 19.4 290 262 345 -9.7% ~ 19.2%
40 33.1 493 429 629 -13.0% ~27.5%
Average 308 273 383 -11.5% ~24.2%

Note: Estimated Pile Length was used and no scour was considered in the axial capacity
estimates.

Capacity with Scour Consideration

The last factor we considered in our analysis is scour. 100-year scour depths were used and the
values were obtained from the scour study for the Bear Cut Bridge Widening project. The
results are presented in the following summary table.

Pile Axial Capacity with Scour Depth
Pier l%lstimated Scour | Penetration | (kips) ‘
No. Pile Length | Depth | after Scour | Baseline 100- Decrease
(ft) (ft) (ft) (without Year | (compared to
scour) Scour Baseline)
5 19.1 1.0 18.1 149 129 -13.4%
8 25.7 1.0 24.7 468 427 -8.7%
13 22.8 3.9 18.9 284 172 -39.4%
19 20.4 1.1 19.3 364 321 -11.8%
24 15.8 1:3 14.5 228 189 -17.2%
30 20 12 18.1 190 145 -24.0%
35 19.4 2.6 16.8 290 202 -30.4%
40 33.1 10.9 22.2 493 236 -52.2%
Average 308 228 -26.2%

Note: Estimated Pile Length and 8-inch tip diameter were used in the axial capacity estimates.
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5.4  Pile Lateral Load Analysis

We understand that FB-Pier analysis will be performed by the Structural Engineer to evaluate
lateral stability of the bridge. Soil parameters that can be used for lateral stability analysis are
presented in the Appendix D.

6.0 CONCLUSIONS

In this Bear Cut Bridge unknown foundation evaluation project, we conducted 8 SPT borings
near the existing piles, installed PVC casing for PST tests, provided auxiliary assistance during
field PST tests. Subsequently, we performed pile axial capacity analysis using Nordlund’s
method for skin resistance and Thurman’s method for ultimate tip resistance estimates. The
average ultimate capacity for a baseline situation (using Estimated Pile Penetration from AFT
report, 8-inch tip diameter monotube piles, and no scour) is 308 kips. The variations in pile
capacity were evaluated by considering the uncertainty in pile penetration, tip diameter, and
scour.

It should be noted that our scope is limited to evaluating the axial pile capacity for the Estimated
Pile Penetration of the existing piles. Evaluating the structural integrity of the existing piles is not
included in our scope.

7.0  REPORT LIMITATIONS

Our professional services have been performed, our findings obtained, and our recommendations
prepared in accordance with generally accepted geotechnical engineering principles and
practices. This company is not responsible for the conclusions, opinions, or recommendations
made by others based on this data.

The scope of the investigation was intended to evaluate soil conditions within the influence zone
of the foundations. The analysis and recommendations submitted in this report are based upon
the data obtained from the soil borings performed at the locations indicated. If any subsoil
variations become evident during the course of this project, a re-evaluation of the
recommendations contained in this report will be necessary after we have had an opportunity to
observe the characteristics of the condition encountered. The applicability of the report should
also be reviewed in the event significant changes occur in the design, nature or location of the
proposed structure.

The recommendations presented previously represent design and construction techniques that we
feel are both applicable and feasible for the planned construction. We recommend, however, that
we be provided the opportunity to review the final foundation plans to evaluate whether our
recommendations have been properly interpreted and implemented.

The geotechnical engineer warrants that the findings, recommendations, specifications, or
professional advice contained herein have been made in accordance with generally accepted
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professional geotechnical engineering practices in the local area. No other warranties are implied or
expressed.

This preliminary Geotechnical report has been prepared for the exclusive use of Hardesty &
Hanover, LLP. for the specific application to the original Bear Cut Bridge Evaluation over
Biscayne Bay in Miami-Dade County, Florida.

Reference:

1. Nordlund, R.L. (1963), “Bearing Capacity of Piles in Cohesionless Soils,” ASCE, SM&F
Journal SM-3.

2. Nordlund, R.L. (1979), “Point Bearing and Shaft Friction of Piles in Sand,” 5th Annual
Fundamentals of Deep Foundation Design, University of Missouri-Rolla.

3. Mathias, D. and Cribbs, M (1998), “Driven 1.0: A Microsoft Windows™ Based Program for
Determining Ultimate Vertical Static Pile Capacity”, Report No. FHW A-SA-98-074.
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Boring Location and Soil Profiles
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APPENDIX - B
Existing Records with Pile Information:
Magazine Article of Monotube used in the bridge
Previous Piling Repair Plan (1980°s)
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Jo E. Greiner Co,, Contulting Engineers,

ON THE RICKENBACKER CAUSEWAY

GAIN Monotubes play an important part
in an engineering triumph—the Ricken-
backer Causeway, Miami, Fla.

1260 7-gauge Monotube tapered steel piles,
45’ long, with 18" butt diameter, were used
in the piers of the fixed-beam bridges for this
project. Piles were capped at the water line.

For this job, as on so many others, Mono-
tubes were chosen because of their time-and-

money-saving advantages. They are cold-rolled
and fluted for extra stremgth, resist bending
forces equally well from all directions. They're
light in weight, easily bandled, extendible vight
on the job. Tapered design speeds driving—
tubnlar construction makes inspection easy before
conereling,

For complete information, write The Union
Metal Manufacturing Co., Canton 5, Ohio.

UNION METAL

Monotube Tapered Piles

November, 1947

For additional information, use posteard, pages 1077-1078

Buiit by Bowrd of County Commissioners, Dade
Co, Fla, Earlo M, Rader, County Engineer.

Rahiay Fngineering s Mainterance
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APPENDIX - C
Pile Axial Capacity Analysis Results




Axial Capacity with Estimated Pile Penetration
(Constant Variables: 8" tip diameter without scour)
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Axial Capacity with Lower Bound Pile Penetration
(Constant Variables: 8" tip diameter without scour)
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Axial Capacity with Higher Bound Pile Penetration
(Constant Variables: 8" tip diameter without scour)




S'EeE TZsvT T'8VE S'EE 0oct S50 S9'vE T'ee 3 € 6€ €
(sdiy) “q m&.MmE (sdpi) (1) ya8us (ul &) 918u
By ¥ A5 | raauemsisay o . H) ysua 1) # | (@)3Buy —_—
JDUBISISAY | UBPINQISAD - (sdy)*“o N 0 q/a pappaquw3 | Jeiswieq [J49Ae] | uonRdL4 ild
dil ajewnin BN1I34T SUiRIIr ?|id diy 0S| |eutaju]
[B211BA
(¥96T uewiny Jaye) Suieag pug
£'90¢ (sdiy) Ayoede) eixy a3ew3|n |e10)
TT MO[3q 3|qe] BY3 WOy adURISISaY dif @1ewl|n syl jo g/T Suixes ‘(sdiy) soueisisay di
¢'S6T (sdiy) aouelsisay upS 3eWIN [BIOL
0
vy 8T 08 920 0091 0Z'1€ S6'0 GET 6E 3 0 €
§'9s PEELLT 6’6 760 00°s 00°t¢ S6°0 01T (0}3) [4 6 4
EVET L5709 ST 680 0S'TT 08'8T S6°0 SET 9¢€ T 6'ET 1
‘ m&_wme {ut) A (®) 38U
(sdi) cm An ._mnm A93R1ERIG s 9 @ ‘(1od) 3y8ie uol __._ ; Lme (14) yr8ua HaRaRs
2IURISISDY UBS PARE 3qnioucipl 2 A ? ‘(99180p) 3)8uy Jodey HEIRA HEd 1(3Y 1 3|id
SAI1343 uunelol | |euwssu] | jlos
28elany
[EDILIBA
(6Z6T 'AADN) T'9¢- = uoneas|3 dit (6£6T ‘€96T pun|pJoN Jaiye) 82URISISTY UDS
HTEC = uojjeliuad 9|id ‘eleg s|id
¢TI0 STT 9¢ 6'LY S 19- = 95- 4
TLE0 SET 6¢ 6'Ct (0]4 95- = 9¢- &
00S0 0TT 0g 6'ct 6 9g- - Lz [4
r4%A0; SET 9€ 6'CT 6'€T LT = £T- 1
Oy ‘159 A 3[8u
1e m;:v_mmmwg . e ‘(Jod) 3yB1am AnM_Uw:“m:._”_q () wonog (1) ssawpiyy ( d ) uoneas #
d 4-Ed : Xl JaAeT jo yideq Jake] 66T 'AASN : E 1aAeT] |I0S
|B491ET JO JUBLB0D | HUN [BIOL | |BUlSIV|
eleq |los
G jueg 1y

Bpuo|4 ‘Auno) speg-welpy
(7¥61 Ul }ing) 8Bpug [eulBLO IND Jeeg

SisAjeuy Ajloede) [BIXY 3[id BuRsix3




9°99 99181 LTy 9'99 0¥t SL°0 9'6E ¥'S¢ 8 € or ¥
0
(sdiy) \cms_ $59.15 {=lpt) () yidua (u1) # | (d)3Buy
= ‘9oue)sisay S b : uoiaes
BDURISISAY | USPINGUIBAD SO (sdixy)*'p N 0 g/a pappaqw3 |Jo13wleq |4aAeq| uonolig Bl
dil aewnn BAI10343 Busilif 3id dig [los | |eusa3u)
|edIIaA
(796T UewuNny] Joye) Sulesg pul
0°g6t (sdiy) Avioede) [exy a1ewidn [e30L
rarad Mo|2q 3|qel 33 wouy adue)sisay di] djewil|n ay3 Jo £/T Suniel ‘(sdix) aaueisisay di)
0Ly (sdix) @3ue3sisay uUpRIS 1RWRIN [RI0L
89T PI'SEST L'6 S8°0 0S'LT 00°ZE 860 SET (4 € S ¥
S°€S YT'ZZET L0T 60 0oL 09°SC S6°0 STT [43 C S €
€8¢ €L°029 6'vT £80 0S'¥T 0v'0E S6°0 SET 8€ T L'ST 4
S0 T'ST 08T L8°0 0S'vT 0t'0€ S6°0 SET 8¢ T L0 T
o
.cmn:_ Ssang () A (p)oBuy | #
(sdp) uspingJanp SRR H Y Q ” ‘(Jod) 1yS1apn | uondu4 |JaAe] [(u) yiBueq SRS
20UBRISISIY UDIS agniouo|p| ‘(92439p) 3|8uy Jade] ) T 3|id
BAI19343 uun jexol | |eusau | jios
28elany
[ELIBA
(626T ‘QADN) ¥t~ = uoneas|3 dif (6L6T ‘€96T Pun|pJoN Jalje) 2due3SISY UNS
Y v'9z = uoneiiusd 3|id ‘Bleg 2jid
I3NTYAH# SET = A T 09- - 6% ¥
LSE0 SET 0)7 7'1E (0]8 6v- = 6¢€- €
0L¥'0 STT [4 v'1e S 6¢t- - e- [4
78€0 SET 8¢ 7’91 79T E- = 8T- T
ko, . ! ) =iy (33) wonog (34) ssawpiyL ; #
1e aunssald yuey |‘(4od) auBiep| uonony - ssker (626T ‘QADN) uoneas|g she |1os
|es21e7 JO JUBIYS0D) | un [BloL | |eussiu]
eleq |ios

8 jusg v

epLIol4 ‘Alunod speqg-iwelp
(#¥61 Ul jing) oBpug |eulbuQ InD Jesg

SISAfeuy Aioedes [eIXy ajid bunsixg




T°0s 0'60LT LTy T0S ovT 90 T'8€ T4 8 € (0174 €
0
(sdi) Hysdl] 558 (sdt) (1) yaSus (u1) (&) 3j8u
> 1S ‘3aueySISDY . ) H) y3su=] ! # [suy uoR2ag
2DULISISAY | UBPINQIIAD - (sdy)*®0 N o] q/a psppaqw3 | Ja1awieq |44 | uonolig i
dil @1ewinn 3AI303443 S 3|id dig |los | |eusaiu)
[EIHIBA
(r96T uewuny] Jayse) Bulleag pu3
S'0TS (sdiy) Aypede) [eixy a1ew|n [e10L
19T MO[3Q 3|qel 3yl Wwody aouelsisay dif s1ewin|n sy 4o £/T Supjes ‘(sdpy) oueisisay dit
8'€6Y {sdi) @aueisisay upys s1WIN |RIOL
00
7'OrT ¥1°009T R'ET 580 0S'LT 00°ZE S6°0 SET 0} € € €
6°LST Y0'ZETT C'9L 160 00'8 0v'9¢ S6°0 0zt EE [4 6 C
9361 98y 08T £8°0 0SvT Ov'0€ S6°0 SET 8€ T V'ET T
“ m&_wmw‘_ (u) A () 318u
(sdi) c“ an ‘_m:wm AR H 9 ® ‘(12d) Y813 cwu_ _u: ; ._mwm (4) y18us HORARE
2IUBISISaY UBS pangRA0 agniouoy L 2 ‘(92483p) 3|8uy sade | e ikl YIRS 1 9ld
BAI199)43 uun |eol | (ewssul | jos
a8elany
|EI1IBA
(626T ‘AADN) i~ = uoneas|y di| (66T ‘€96T PUN|PJION J214R) BIURISISIY UBS
AT = uolienusd ajd ‘Bleq 3|id
13NIVA# SET - '1v 8 09- = 4% L4
LSEO SET (0)7 'EE T1 (425 2 - E
SSv0 0Tt €€ ez 6 Tt~ - 45y z
¥78€0 GET 8¢ t'ET 7'ET [4y = 6T- T
Oy /153 A 3|8u
1e m‘_:v_mmwhn_x ey |‘(s0d) ySiam ﬁww._u_u:u% (1) wonog (1) sseuwpIyL ( ‘ ) uoileas #
H : ik Jakeq jo yadaq J9Ae 6Z6L "JAIN) Uo! 3 Jaheq 105
|eda31eT O JUs130) | HUN [RIOL | [eussiul
Eleq |loS
€l usg v

BpLO|4 ‘Aluno) speq-iweljy
(¥61 Ul ying) ebpug |euiblQ nD Jeeg

sisAjeuy Ajioede) [eixy 3|id Bunpsixg




¥'E9 S'008T LTy ¥7'€9 0] 4 ¢L0 TLE 8%¢C 8 4 )7 4
Is)
(sdiy) .E&_ ssallg (=21 (1) widuan () # |(d)sBuy
’ ‘aauelsISaY - i ’ uoilas
2JUBISISAY | UspUngdanQ 301 W4 (sdiy)*"0 N o a/a pappaqw3 | Jaiawleq |49Ae] | uonouy it
dil eewnn CLUREEITE | SUBIWIT 9id dig [los | |euwsaiu)
|B2IHIBA
(#96T uewuny| 1a3ye) Suleaq pus
6’695 (sdiy) Aydede) |eixy a1ewn|n [e10L
112 MO[3q 3|ge] ay) wolf souelsisay dif a1ewinn 241 Jo £/T Suiyel ‘(sdiy) aaueisisay di
€S (sdiy) @aueysisay upjs aewWidN [eI0L
00
00
S'T9 88°LCLT '8 S8°0 09°LT 00°Ze S6°0 SET (0)7 z [ 4
8'Z8Y ¥9°LT8 VET 980 00°9T 0Z'TE S6°0 SET 6€ T 8'CC T
o
,Emn:_ 552115 (u1) A (d)oBuy | &
(sab) uapingJtang 1SIBLIRIG H Ay Q ® ‘(4od) 3ySiep | uonoug |usheq |(34) yiSue Ws2es
IUBISISAY UD(S agniouopy ‘(@2433p) 3|8uy sade ) o 3|\d
ETNR TN uuneol | jeus=sy) | jles
a8elany
[B21IBA
6Z6T 'AADN) - = uoneas|z dif (6L6T ‘E96T PUN|PION J3348) BIURISISBY UD|S
Y 8ve = uoljenjuad 3a|id ‘e3eg 9|id
1IINIVAH SET i 8LS 0T LL- - £9- ¥
S8F°0 01T TE 8Ly LT L9- = 0S- €
iI3NTVAH SET = 8'0¢ 8 0s- i 4 C
TLEO GET 6E 8¢t 8'CC - * 61- T
Oy 153 A 98u
je mszmwaﬂtmm ‘(4od) 1yBiam AHM_ME,« {a tioziog Rl (6Z6T ‘AADN) uonens|3 -
o 19Ae7 Jo yadag Jahke : JahAe |10s
|[e493e7 Jo 1uae0) | uun g0l | |eussiy
Eleq |10S
61 lusg v

epuo|4 ‘Alunog speg-lwely
(%61 U1 3ing) aBpug [euiBuQ D teeg

sisAjeuy Ajoede) [eiXy o|id bunpsixg




£°9S T'0TST LLTY €8S ot SL'0 TTE 8°0C 8 T 0] T
0
sap) | sa)ssan [, wse | W) | & |©)esu
’ ‘ouelsisay . i ) uonIasg
0UeSISaY | uapinglang S0 109 (sdi) *“0 N 0 qa/a psppaquia |Jelawieq |JaAe]| uonouy i
dil a1ewnn TR TN Sumwn 3|id dil [los | [eutaiu)
|BII=A
(796T uewuny] Ja3e) BuLieag pug
T'Eey (sdiy) Aapede) |eixy @1ewn|n g0l
¥'ST MO[3q 2|q.3 3yl Wo.y souelsisay di| s1ewiiin 3yl Jo ¢/T Suniey (sdiy) @aueysisay dij
9'v0v (sdi) ouelsisay uIS 3ewid|n B30l
00
00
00
9'v0F ¥0'SSL et S8°0 0S°LT 00°CE S6°0 SET (0]74 T 80C T
o (un) . .
(sd) cmﬂ_rﬂww,”w 4s3eiEl o) B Q ” ‘(12d) 3yBiom AWMMM_“,Q mem._ (1) Y1Buaq HERES
2IUBISISTY ujS 3gN10UOIA ‘(32.489p) 9|8uy Jade) ) T 3id
an1oRu3 un [e10) [euszul | |los
a8etany
[EDILIBA
(6T6T ‘QADN) T'TH- = Uolzeaa|g dig (6L6T ‘E96T PUN|PJION I334E) DUBISISIY UD|S
3 80t = uonelusd s|id ‘Bleq 3|id
IANTVA# GET = 9'zs 4! i - T9- 14
SSt0o 0zt €€ S'0F 8 T9- = £5- €
00s'0 0TT o€ 9ze S €5- = 8t [4
LSEO SET ot 5'LT 9LC 8- - 0z- T
o aaey i ! (#)2j5try (3) woyog (14) ssawpIyL . #
1e aunssald yMe3 |‘(od) ySism| uonau4 foAeT o adag e (626T ‘aNON) uoners(3 sskeTiiog
|ei2leq Jo Jusieo) | un ejol | |eudsiu)
eleq [loS

e iusg Iy

epUo|4 ‘Quno) speq-iwelp
(#1761 ulying) ebpug [eulbuQ 1D Jesg

SISA[euy A1oede) [eIXy ajid bunsixg




[4:12 T'L6VT S'8L¢ C6E 00T SL°0 S9'vE T'€EC 8 € 8¢ €
0
e (sd)
(sdry) (4sd) ssans . y . u (14) y8ua (ur) # [(@)aBuy | —_—
20UeISISAY | USpINgJIAD SO (sdiy)*“D N 0 q/a pesppaqw3 | J93awleq |JaAe]| uoldu4 Siid
di] s1ewn 2AI0R43 . 9|ld dif |IoS | [euJdalu| ’
Suwin
[EDILIBA
(r96T uewuny] Jaye) uneag pu3
8'S/T (sdiy) Ayoede) |eixy a1ewn|n |e30L
T'€T MO[34 3|ge) aY3 WoJj 3ouelsisay di| @3ewil|n aul 4o /T Suel ‘(sdiy) souessisay di|
L7292 (sdiyy) @aueasisay upjS a1eWI|N [B10L
00
TTZT 9C°6L2T 6 £80 0S'vT 0t"0€ S6°0 SET 8€ € 9 €
'9¢ 99°'€E6 9TT S6°0 00 0Z'€c S6°0 SOT 6C [4 9 (4
CSTT £6'C0F 0'sT L8'0 09'vT Ot'0€ S6°0 SET 8¢ T TTT T
0
ém&_ $s8U1S ) A (®) Buy | #
(sdby) uspanqJuang “S3LIEI ) 2y Q ” ‘(Jod) yBiopn | uodug |13Ae] [(y) yiBuey S
JUBISISAY UBS 3qNI0UoIA ‘(22189p) 3|8uy Jade i T 3id
BAII3YT uun |ejol | |eussu| | (10§
23elany
[EIILIBA
(6Z6T ‘UADN) ¥t~ = uonens|3 dit (6£6T ‘€96T pun|pJon Jaiye) 20uelsisay UlS
Y TEe = uoiesjusd 2)|id ‘Bleg 2id
TANTYA# SET = T'9€ ST LS- = [4a 14
¥8E0 SET 8€ T'1Z L4 [4'a = 8¢~ €
9150 SOT 62 /T 9 8€- - CE- [
¥8E0 SET 8€ TTT 1T CE- = TZ- I
AT " ! S (1) wonog (33) ssauspoiyL s #
1@ 2nssald yne |‘(Jod) ySiap| uopauy sadken wdag sake (6Z6T ‘QADN) uonens|3 §aRE iige
[e42387 JO JU3IYR0D) | Hun |erol | |ewssiy)
Bleq |loS

0¢€ usg 1y

epLol4 ‘Ajunog speg-lwelp
(b¥61 Ul Ing) ebpug [eulbuQ D Jesg

SIsAfeuy 1oede [eiXy alid bunsixg




0F 8'864T S'8L¢ 0v 00T L0 T'SE 'Ee 8 E 8¢ €
0
(sdi) ém&_ SER s (4) Ya8uan (ur) # | (d)9Buy
j ) ‘Doueisisay G b : uo13123g
ouelsisay | uspangiang ™ (sdiy)*"0 N 0 a/a peppaqw3 | Jeiawieq |J43Ae7| uonou4 ey
dil ajewnin A9 T Suniwr] 9|ld dii |loS | |eutaiy)
[BJILIBA
(#96T uewuny] Jaye) Suueag pug
€707 (sdiy) Ayoede) (eixy @3ewil|n |2I0L
VET Mo|aq |qe1 ay) woJy aouels|say dif alewid|n ayi jo g/T Supyel ‘(sdpy) sauelsisay diy
6'88E (sdiy) Souelsisay up{S 3w (BI0L
00
6'vS 60°80ST S8 L0 0S'¥T 0%'0€ S6°0 SET 8E € Sig €
6'9¢ YI'CCET 8'6 60 00°S 00'¥Z S6°0 01t o€ Z ¥ [4
T'LOE LY'ET9 ovT S8°0 0s'LT 00'ge S6°0 SET (0174 T 69T T
o}
.rmav_mmmbm () A (d)o8uy | #
(sdp) uspIngJlanp e s &Y Q ® ‘(Jod) yBiapn | uodug [13Ae] [() yiBueq WARRE
0UBISISaY UBS 3NIOUCIA ‘(92489p) 3)8uy Jade] i T ald
CINETTE| lun |elol | |euwssiu| | |loS
a8esany
[BIILIBA
(6Z6T ‘QADN) §'9¢- = uoneas|z dip (6L6T ‘E96T PUN|PION Ja}4e) 3oUEISISTY UBS
Y v'Ee = UollRJIIURd 3)|Id :e31eq 3|id
IANTVAR SET 3 6'Ck ST 95- = T ¥
¥8€E'0 SET 8E 6°LT L v i - €
00S°0 01T 0€ 602 14 veE- - 0€- [4
LSED SET (074 69T 69T 0€- 2 £1- T
Oy ‘183 A 3|8u
1e m‘_:v_mmwk_ ﬂﬁmm ‘(4od) 3ySiam AMUM:,_U_._% () wonog () sseuwply) (6Z6T ‘AADN) uoneas|g i
) s J9Ae7 Jo yadaq Jaheq ) 1aAe [1os
|BJ91E7 JO B30 | HUN |BIOL | [euJsIu]
BleQ Jlos

Ge g v

epuo|4 ‘Aunod speqg-iwelp
(#¥61 ur Ning) sbpug |eulbuo no Jesg

SISA[eUy ANoede) [eiXy djid BUunsSIXg




r've T'v0ET LLTY '8 (0] 20 SL'0 ST'LS T'8¢ 8 4 ot S
o (sa)
(sdpy) (45d) ssans e (1) yaduan (ur) # (®)aduy] —_—
JuelsIsay  |uspJangian0 st ﬂﬁ_: (sdiy) **D o ) q/a pappaqw3 | Je1awieq |J3Ae7 | uonouy m.__n_
dit sjewnyin SAI103443 mc_u_._.._.__._ 9|id dil |l0S | |eud=au) ’
[[Se]RNET
(#96T uewuny) Ja)ye) Bupieag pu3
9L (sdiy) Adede) (eixy aewn|n 301
1827 MO[3q 3|qe] 3yl woJyy sduesisay dif 31ewiln 3yl Jo £/T Supjel (sdiy) @aueisisay diy
T'9€L (sdpj) @aueysisay uys 1ewn|n (2101
8VvIC L9°TTTEZ 6 S8°0 0S'LT 00'ze S6'0 GET (0174 14 €S S
0'9ST 89°EE9T SCT €60 009 08't¢C S6°0 01T TE € zt v
7’692 £5°890T S9T 980 0091 0T'TE S6°0 SET 6€ [4 L'L €
7S LS'S0L 0°81 980 00°9T 0¢'te S6°0 SET 6& 4 £C T
¥1s YO'TIE 0'8T T6°0 008 0’92 S6°0 0zt €€ T 80T T
. ()
(sdiy) isd) sseai Jz1awelqg m ‘(s3.83p) A [y # () uolas
uspJngJang ) 2 Q ‘(4od) 3yBiop | uonawg |Jshe]
aoUeISISaY UDS - agniouop 3|8uy Jade] siunjesor | jewssau | pos yi18us 3|id
) a8elany ke *
[EJTHIBA
(626T ‘AADN) €2¢- = uoneas|a dig (6£6T ‘€96T PUN|pJON Ja1je} 2ouelsisay RS
3 18¢ =uonenusd s|id ‘eleg 3|id
LSED SET ot 8¢S 0z LS- - LE- 4
S8Y7'0 oTT TE 8'Ce (42 LE~ - St €
TLEOD SET 6€ 807 (0]8 St- g qr- [
SSY0 0zt €€ 80T 20T ST- = - T
Oy ‘153 A“(1od 9|8u
e m._:v_u.mw._a ﬂtmm_ E%m\,w, ANM_H_U_LW (y) wonog (W) ssauyoIyL (6Z6T ‘QADN) uoneA|3 #
’ Sk Jahe 1o Yyidaq 1aAe ) Jaheq 108
|eJs1e] Jo U120 | Hun [elol | [eudaiu)
gleq |los

Or u=g Iv

epuoj4 ‘Ajuno) speqg-iwelp
{(r¥61 ul jing) ebpug [eubuQ nD Jesg

SISA[euy A1oede) [eIXy slid BUnSIXg




Axial Capacity with 6" Tip Diameter
(Constant Variables: Estimated Pile Penetration and without scour)
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Axial Capacity with 12" Tip Diameter
(Constant Variables: Estimated Pile Penetration and without scour)
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Axial Capacity with 100-Year Scour
(Constant Variables: Estimated Pile Penetration & 8" tip diameter)



8'9 Tv8TT 6'0¢ 8'9 0¢€ SS0 ST'LT T'8T 8 Z (013 4
0
_ (sdiy)
sdi ‘(3sd) s ua u 3
(sdny) (4sd) ssang e ) X (1) ydua] (ur) # | (¢)2Buy o
duelsisay | uspanguanp 6 (sdiy)**“o N o q/a pappaqw3 | Ja3awieq |49Ae7| uonou4 B
dij ®1ewnn aAI3L3 Ui 3|ld di) |10S | |eutaiu|
[EJILIBA
(#96T uewunyy J1a3je) Sulieag pug
¥'6ZT (sdiy) Avioede) |eixy 21eWN [230L
€7 MO[3q 3|0.] 3] WoJy aduelsisay dif a1ewiln 3yl jo g/1 Buyel ‘(sdpy) soueysisay dig
1421 (sdiy) @aurysisay ups s1eWNN |210L
0
00
6'St €°090T 06 60 00°S 00'vZ S6°0 01T 0€ Z s 4
€101 LT89 LCT 680 0S'TT 08'8¢ S6°0 SeT 9€ T 6¢CT T
.cmav_mmm._ (ut) A ) 2/8u
(sdi) uapJn ._m:.wm AsREstd ) g ® ‘(Jod) Y812 ﬁ..:N__ __._ N ._mwm ) y38ua HOR23s
20URISISTY URYS PARGISAQ agniouoly A S ‘(98489p) 3|8uy Jade 401 ISR . 1)) BueT 3ld
9AI0943 uun jelol | |eudsy | jos
a8elany
[EANHISA
(6261 ‘AQADN) T'z€E- = uonena|3 di| (6£6T ‘€96T PUN|pJON Jal4e) SOUR)SISTY UIYS
Y T'8T = JN0J2S Yyum uolieliuad a|id :B1eQ 3)id
¢Iv0 SZT 9t 6Ly S T9- = 9%- 14
TLEQ SET 6€ 6'Ch 0¢ 96- = 9~ €
00S0 01T 0€ 6¢C 6 9€- - LT [
(4540 SET 9€ 6'ET 6'€T 1 = €l T
Oy ‘159 A 3|8u
ie E:v_mmw“._ xtmm_ ‘(30d) 3ySiamn AMM_%:% ) toog () ssoupiyL (6z6T° ) uoneas 4
d\ : oo Jakeq jo yadag Jakeq 6 GADNI Lol E Jaheq |1os
|ed33eT Jo JuBR0) | MU [BIoL | |eusadiul
gieq |loS

Giusg Iy

epuo|d ‘AJuno) speg-iweipy
(%61 1 ing) aBpug [eulbLQ D Jeeg

sisAjeuy Ajioede) [eiXy 3id Bunsixg




T'¢9 C'E69T LLTy T'Zs ovT SL0 S0°LE Lve 8 3 ov ¥
0
(sdpy) .cmg_mwm:m i (1) yrguen (un) # | (¢)38uy
) ‘@aueisisay - iy j ) uol93s§
DUBISISAY | uBpinglanp e (sdpy)*“0 N 0 a/a psppagqw3 | Jelswieq |JsAe | uonoud i
dig ajewnin | sA1a43 St 3|id dip [loS | |eussy|
[E21LBA
(#96T uewuny] Jaye) Sulieag pul
6'92F (sdpy) Ayoede) |eixy arewnn e30L
L£0T MO[3q 3[qe] 3Y3 Wo.y 3due)sisay diL S1ewiln B4} Jo /T Sunjel ‘(sdiy) aoueisisay dif
290 (sdiy) soueisisay US a1eWnN [B101
TLET ET'LEST 8'6 880 05°LT 00"CE S6°0 SET oY € £ 14
9'0s YS'6vZT L'0T Z6°0 0oL 09°S¢ 560 STT [43 Z S €
S'8T¢ Z0'65S 8vT L8°0 0S'vT 0’0t S6°0 SET 8€ T Vv'ST [4
00 0 6'LT L80 0S'vT (0] 4013 S6°0 SET 8€ T 0 T
o
sy ssang | (W A (&) o8uy | #
(sab) uapangiang JeIsUEa ) B Q ® ‘(Jod) uBiomy | uomduy | 4aAe7 |(4) y1Buaq waRees
2IURISISAY UBS 2gniouoip ‘(@2189p) 3|8uy Jade| . T 3|ld
3AI10343 Hun |e3ol |eusa1u| | 10§
a8esany
[eo1RA
(6Z6T ‘UNADN) E'EF- = uoneas(g dig (6£6T ‘E96T PUN|PJON J31)B) B2ULISISAY US
Y LvE =4N02S Ylim uoiieslusd 3|id ‘Bleg 9|id
IANIVA# SET - L4 TT 09- - 6t- 14
LSED GET (0} v'itE 0T 61~ = 6¢€- €
0L¥°0 STT [ 7'1e S 6E- = vE- [4
¥8E0 SET 8€ 79T #9T PeE- = 8T- T
Oy 153 A 3|3u
1e w._zv_mmw&w_._tmm ‘(42d) 3ySiapn AM__UME_U_LW (1) wonog (1) ssawpiyL (6Z6T ‘ANDN) uoneas|3 5
: P J12Ae] Jo yadag Jahe] ; JakeT |log
|eis3e] Jo usie0) | 1lun (elol | |eudsiul
eleq |l0s

g iusg v

epuol4 ‘Ajunod speqg-iwely
(P¥61 ulying) a6pug [eulblLO IND Jeeg

sisAjeuy Ajioede) [eixy sjid bunpsix3




€'9€ T'LETT LLTY €°9E orT 9’0 SE'8¢C 68T 8 E ot €
o
sp) | sd)ssamg [, O Wwsuer | (W) | # |(@)eisuy
: ‘@aue]sisay B i 7 uoi129g
2ouUBIsISaY | uapinglanQ Sl (sdiy) *o N 0 q/a peppaqwy | Jajswieq |4aAe]| uonoug il
dil s3ewn 9AII343 Sumwn 9ld diy [10S | [euaiu
[E3IHBA
(#7961 vew.ny] Ja3ye) Bulieag pu3
6'TLT (sdiy) Ayoede) |eixy 212WHIN [230L
17T MO|3q 3|qel 31 Wody souesisay di| sjewin|n ay3 Jo £/1 Supies ‘(sdiy) aauelsisay dip
6'6ST (sdpj) @auUBlSISTY UG BIELUIN [BIOL
00
v'8 €9'TeCT '8 S8°0 0541 00'ze S6°0 GET ov € 0 €
Lyl 6'876 00T 60 00’8 0r'9¢ 960 0cT =23 [d 6 [4
L9L S8'vre LET L8°0 0S'v1 0’0t 860 SET 8€ T 9’6 T
0
ém&. s52415 (u) A ()s18uy | #
(sab) uspJinglang SREGg o) e Q ® ‘(19d) 1yBiepn | uvonoug |49Ae] (1) YySusq MBS
3DUBISISDY UPS agnIouoiA ‘(994839p) 318uy Jade | ) T 3)id
anIRey3 uun |exol | (eussu) | os
a3eiany
[EIBA
(6Z6T ‘AADN) ¥ T~ = uoneaa|y dip (6£6T ‘€96T pun|pioN J334e) BoURISISAY UBS
4 6'8T =4N03§ Yim uopiellusd 3|id ‘Bled ajld
iINTVAH GET - v'iv 8 09- = Zs- 4
LSEOD SET ov VEE TT a5- - Tv- €
SSP°0 0zt €€ v'ee 6 T~ = (45 [4
¥8E0 SET 8€ P'ET 7'ET CE- - 61~ T
L ; a (4] 2tz () wonog (1) ssawyaiyL , #
1e 2unssadd yuez |‘(3od) ysisp| uonou smike gusdat _ (6Z6T ‘QADN) uoieAs|3 sokeT j10s
|eds3e7 Jo Juaidso) | Hun jezol | [eussiyl
eleq |los

€l iusg v

Bpuol4 ‘AJunod speg-lwelp
(yv61 Ul iing) sbpug [eulbuQ D Jesg

sisAjeuy Aoede) [eiXy a|id bunsixg




£y ZTOVT T'8VE v 0ZT L0 S6'8¢ €61 8 T 6€ T
sd ‘(ysd _Mﬂt (sdy) ( sus ul 9J8u
l
(sdy) (4sd) ssaars amieysisay ) H) ypsua (uy) # | (P)2Buy T
dueISISTY | UIPINGISAD . (sdiy)*®“0 N o) q/a pappaqu3 |Jsjawieq |s9Ae]| uoiduy oy
dil ajewnin | aamey3 mc_p._e_.._ 3|d diy 10 | |euwsa3u| .
[BIIHBA

(96T uewuny) Ja3ye) Sunieaq pug

1ee (sdiy) Audede) |eixy aaewnjn |e10L
%I MO[3q 3|qe} 33 WoJy aduelsisay di| 1ewiln ayl o g/T Supel ‘(sdiy) soueysisay di|

T°L0E (sdiy) 3due3sisay ujS a1ewiyin (230
00
00
00 S6°0
T°L0E 65°00L 6TT 980 0091 0T'1€E S6°0 SET 6E T €61 T
o
.cm&_ SEThi () A (d)o8uy | #
(sd) uapInglang 4eAalliBlg o) &y Q ® ‘($od) 3ySap | uonou4 |Jahe |(u) yagua RSy
SJUBISISIY UBS 2gNI0UON ‘(92183p) 3|Suy Jade| ) T . 3|ld
BA11D343 uun g0y | jeusaiul | 10s
a8elany
[B3IBA
(6Z6T ‘UADN) 9°6E- = uoleas|3 dip (6L6T ‘€96T pun|pJoN Jaye) 2dueisisay US
4 eer =4N02S yum uopjeliuad 3|id ‘Bled 3id
I3ANVA# SET - 8°LS 01 LL- = L9 14
98%'0 01T TE 8Ly A L9~ - 0S- €
IAMYA# SET = 8'0€ 8 0s- - [4'a 4
TLEQ GET 6€ 8'¢C¢ 8¢t - = 6T- T
by ¢ g S (34) wonoeg (14) ssewypiyL . #
je ainssald yHel |‘(od)ySiap| uonowy sohkeT 30 yidag oA (6Z6T ‘GADN) UoneAs|3 Jakeq i0s
|eda1e] 4o usis0) | Nun B0l | |eusaiu)
eleq |los

61 uag Iy
EpUO|4 ‘Aiuno) speq-iweljy
(¥61 Ul ying) ebpug [euibuQ 1nD Jesg

SISA[eUy A19ede) [eiXy alid BUnSIXg




9'8E L2801 L'LTY 9'8E ortT SL0 SL'TC ST 8 T (0] 74 T
(sdi) ~cm&,Mm§m (sdoi) (1) yduan (ur) # | (d)sBuy
) ‘@ue)sisay b ) uo323s
92UE]SISAY uspJingJaang SoLAuN (sdiy)*“0 N 0 q/a pappaqw3 |Jo1awieq |J4aAe]| uonau4 i
dil ajewnin RS E Sumwn 2lid diL [10S | |eu3u
[E211IBA
(#96T uew.ny] Joye) Buliesg pug
1°68T (sdiy) Aypede) [eixy a3ewn|n [e10L
67T MO|3q 2|ge] 3y} wouy aauelsisay dif ajewn|n syl o £/1 Supel ‘(sdiy) asueisisay di
€9.LT (sdby) due)sisay uS lewiln 230 L
e 560
G 560
L 560
€9.T S€'9¢S 6'0T 580 0S°LT 00ze S6°0 SET 0] T ST T
o
‘rm&_ SS2.13S (u) A (d)sj8uy | #
(sdlpt) uspINgJanQ AFRLIEG H &Y Q ® ‘(Jod) 3yBian | uonou4 | iaheq [(4) ySuaq HOBESS
S0UBISISTY UG 2qniouoip| ‘(92489p) 3|8uy Jade | ’ . 3id
3AIIRYT uun ol | |eusdiul | |10S
a8elany
[RIEFER
(6Z6T ‘AON) Z'9¢- = uoljens|3 di (6£6T ‘E96T PUN|PJION Jo1JB) SIUBISISTY UDIS
USvt = JNnoJS Ylm uoneajuad a|id ‘e1eQ 3|id
iINVAH SET = 9'¢s 43 €L~ - 19- ¥
SSt'0 (1743 €€ 9'0of 8 19- = £9- €
0050 01T 0g 9'zZe S €5- s 8- [4
LSE0 SET 0¥ 9'LC 9°LT 8%~ = 0z- T
) 352 . (@)2BUY| ) womog () ssewpiuL ) #
je ainssald yue3 |‘(d) S| uonouy ey gy s (626T ‘QAON) uonensi3 | ke (iog
[e121e7 Jo JUBIa0D) | Hun |elo)l | |eutsiy|
ejeq |los

e usg Iy

epuold ‘AlunoQ speq-ILeln
(#¥6) Ul ing) oBpug [euIBLQ InD Jeag

SISA[euy Aioede) [eiXy did Bunsixg




L'6T TvETT S'8L¢ L'6Z 00T SL0 ST'LT T'8T 8 € 8€ €
0
(sd) | ‘usd)ssans |, 0 wsver | () | # |@)eBuy
’ ‘auesisay il B ) u0J3935
20URISISTY uapJingJdanQ ST (sdiy)*®™o N 0 q/a pappaquwy | Jaiswieq [JaAe] | uonol4 .
dil s1eWIIN AT Sumwin 9id diL [1oS | [eus=3u]
[e21 43
(¥96T uewuny| Jaye) Sueag pug
SYYT (sdiy) Aypede) |eixy ajewi|n (@30
66 Mmo|2q 3|qel ayl Wodj 3ouesisay dil sjewn|n 2yl jo g/T Suniel ‘(sdpy) saueisisay dif
9'vET (sdpy) auelsisay upys a3eW|N (2301
00 S6°0
6'Er 6.°8C0T 98 L8'0 0S'vT 0v'0g S6°0 SET 8€ € 6'C €
T'0C ZL'S6L 70T S6'0 00y 0¢'€T S6°0 S0T 6¢C Z 9 4
9'0L 96'€EE PET L8'0 0S'vT 07"0€ S6°0 SET 8¢ T 6 T
)
,rm&_ $53.18 (u) A (P)2Buy | #
(sdby) uapJnguang 4=RHISi0 8] 9y Q ® ‘(4od) 3y | uonoug |usheq |(3y) yiSueq HOHPS
2IUBISISIY UPS e agnilouon ‘(92489p) 8|8uy Jade] i _B..u._. _mc.‘_wwc_ 56 3|id
) 28e.uany : !
[BIIHBA
(6Z6T ‘AADN) 60t~ = uoneas|y dip (6£6T ‘E96T PUN|PION J334B) BIURISISDY UPS
U181 = Jnods Yiim uoilediuad a|id ‘Bleq 3|id
IINTYAH SET - T°9¢ ST L5- - 4 4
¥8€°0 SET 8¢ T1e 14 (47 S 8€- €
SIS0 S0T 6¢C TLT 9 8E- - ce- C
¥8E0 GET 8¢€ T'EE TTT [45 = T T
™ "y ’ ! (o) sy (1) wonog () ssswxpiyL 5 #
je ainssald yuey |(ad) ySiap| uonony soher g sring saken (6Z6T ‘QADN) uoneAl|3 13he (10
|Bda3e] Jo 1ualje0] | UM [BIoL | |eudaiu)
gleq |los

0€ lueg I

epuol4 ‘AJunog epeqg-iwel|y
(¥b61 Ul ying) obpug jeuibuQ 1N Jeag

SISAfeuy /goede) [eiXy olid BUnSIXg




L8 T LSTT 60T L8 0€ ¢L0 (414 89T 8 [4 o€ [4
gl (sdi)
(sdiy) (45d) ssauis | | (1) yadua (u1) # | ()3Buy
22uelsisay i WeTRRETS
2ueIsISayY | uapinglang Sl (sdiy) ™0 N o g/a poppagqw3 | Jo93awieq |494Ae] | uonony ik
dil ajewn IR EITE| Sumwi 3|ld dil [los | [euda1u]
[==]REEVIY
(96T vewuny] Jaye) Suleag pul
S 10Z (sdiy) Avioede) |eixy @1ewWi3|N 2301
6°C mo[=q a|qe3 2yl woJy sauelsisay dil ajewiin 2y3 jo €/T Suniel ‘(sdiy) asueisisay dig
9'861 (sdby) @2ueISISAY UIIS B1BLUIYN [BI0L
00 S6°0
00 S60
Tt 89°L60T S8 76°0 00°S 002 S6°0 01T o€ [4 ST C
S'98T 60°6TS 6'TT 580 05°LT 00°'ce S6'0 SET (0] T EVL T
‘(3sd _MmmL (ut) A (P) 28
u
(sdbi) cw LWJ ._m.“m AeIpLueld 9 © ‘(32d) Y818 uol _ 1 ’ ._wwm (1) ya8us USRS
2JULRISISDY UINS RSO 2(NI0UCIA| g A e ‘(9948ap) 5|8uy Jade) PG FAHAN FRE 1@ A 3lid
BAIIR4T uun eloL | |eussiul | |1oS
a8elany
[BI1IBA
(6T6T ‘QADN) STE- = uoleas|3 dig (6L6T ‘€96T PUn|pJoN Ja3e) 3UeISISDY U
1 89T = 4N03S Y}Mm Uoieljuad 3|id :e3eq 9|id
13NVAH GET - 6Ty ST 9s- - TP 14
¥8€°0 SET 8t 6°LC L 5% 2 TE- €
0050 0TT 9}3 6°0¢ 14 VE- & 0€- [4
LSE0 SET ot 691 691 0€- = El- T
Oy “153 A 2|8u
s :wmw | n_m ves |od) ysiem Aww_u_u: u_< (1) wonog (1) ssauaIYL ( ; e #
Y : =S JaAeT jo yidag J9hen 6¢6T 'UASN . 3 Jzheq 10§
[eJ21e7 Jo Juaiyeo) | Jun |eloL | |eussiul
eleq |loS
e usg v

epuo|{ ‘Aiuno) speg-iwelp
(¥¥61 Ul )ing) ebpug [euibuQ 1N lesg

SISA[eUy AjoedE) [eIXY J]id bunsIXg




6'Ly L'LOET LLTY 6Ly (0j72% SL0 £Ee e 3 ¥ (0)74 ¥
® (sdiy)
‘(4sd ’ Sus
(sdiy) (4sd) ssanns S . (1) Ya8us] (uy) # | (d)3jBuy —
BouelsSISAY | uspanguang 1 0 (sdi)*“0 N 0 g/a pappaqw3 | Jo1awieq |JoAe]| uonol4 il
dil 3ewnin | aAIey3 S 3|id diy llos | |eutaqu
[==]=BETN
{#96T uew.ny| Jayye) Sulieag pu3
9'SET (sdy) Aypede) [eixy a3ewy|n [e10]
09T Mmo[aq 3|qe} 3y} wo.y sduessisay di alewn|n ayi jo £/T Sune3 ‘(sdiy) 2ouelsisay diy
L'61T (sdi) saueisisay ups s1ewn|n [e10L
€91 ¥S'S66 L'6 S8°0 0S°/T 00°ZE S6°0 SET (0] 74 14 9'8 14
0'8¢ 9g'Stb v'ET €60 009 08°%C S6°0 01T T€ € 0T 13
€S 89°€0T 9T 160 008 0¥'9¢ S6°0 0Z1 €€ T 9t Z
00 0 08T 160 00'8 ot'9z S6°0 (or4 €€ T 0 1
0
‘(15d) ssau (u) A () 218u
(sdiy) Ysd) 3S J912welq m 1=t # uo1Ias
uspangJang H &Y Q ‘(jod) 3ySiepn | uonouy |J4eAeq |(u) yaSus
20ULRISISDY UBS aqnjouciy ‘(92489p) 9|8uy Jade 3ld
CINELETTE| uun |elol | |eussu| | 0§
a8esany
[BIILISA
(626T ‘ANON) £'LE- = uoneAs|3 diL (BL6T ‘E96T pun|poON J334e) S0UBISISBY UG
Hzee = JN02S Yilm uoneiiusd ajid ‘eleq 3|ld
£LSE0 SET or 878 0T LS : LE- 4
S8Y°0 01T 1 8'C¢E 4 LE- = St- €
TLEQ SET 6E 807 0T SZ- - ST- Z
SSP0 0zZ1 €€ 20T 80T ST- * - T
Oy ‘159 A 3j8u
ie m:”..mmw mtmm_ ‘(42d) 1yS1am AWWE_U_LW (1) wonog () ssawp1yL ( ‘AADN) uoneas i
i ) i JaAe jo yadag SET=3 ] 6261 "AAON : E Jakeq |los
|eds1e7 J0 Juse0D | Hun B0l | |eudslv]
eleq |loS

Oy lusg Iy

epuol4 ‘Alunod speq-iwelpy
(P¥61 U Hing) abpug |eulbuQ InD Jeag

sisAjeuy Ajidoede) [eiXy ojid bunsixg




APPENDIX - D
Soil Parameters for FB-Pier Analysis




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge
Miami-Dade County, Florida

At Bent 5

Piles (Steel Pipe Pile 18")

Reference Boring B-5 Foundation Type Dnvengiilt;e[ Pipe
Approximate Ground Elevation!" (ft) -13.10 Size (inch) 18
Approximate Water Table Elevation™ (ft) 0.00 Base Area (ft%) 177
Layer No, 1 2 3 4 5 6
Soll Description Sand/Limestone Sand Limestone/Gravel Sand Limestone Limestone/Gravel
Soil Type Cohesionless Cohesionless Cohesionless Cohesionless Rock Cohesionless
Top Beundary Elevatlon (ft) -13 =27 -36 -56 -61 -70
Bottom boundary Elevation (ft) -27 -36 -56 -61 -70 -93
Average SPT N-Value® (Blows/ft) 13 7 26 50 36 12
Soil Model Sand (Reese) Sand (Reese) Sand (Reese) Sand (Reese) Limestone (McVay)| Sand (Reese)
Internal Friction Angle, ¢ 33 29 39 36 - 6
Total Unit Weight (pcf), v, 120 105 135 125 135 135
Subgrade Modulus (pci), k 35 25 96 154 - 36
LATERAL Undrained Shear Strength (psf), c, - - - - - -
Major Principal Strain @ s, - - - - - -
Major Principal Strain @ g, - - - - - -
Average Undrained Shear Strengih (psf) = - e & - =
Unconfined Compressive Strength (psf) - - - - 12000 2
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Total Unit Weight (pcf), y, 120 105 135 125 135 135
Shear Modulus (ksi), G 4.43 1.07 5.29 4.27 7.34 4.52
Paisson's ratio, v 0.30 0.30 0.26 0.30 0.23 0.26
Vertical Failure Shear Slress (psf) 495 255 520 1367 720 240
Undrained Shear Strength (psf), ¢, - - = 2 = =
AXIAL Ultimate Unit Skin Friction (psf) = = = 5 = =
Mass Modulus (ksi) - - - - - -
Modulus Ratio - - - - - -
Surface (Rough/Smooth) S = - = - -
Unconfined Compressive Strength (psf) - < < o - =
Split Tensile Strength (psf) - - - - - -
Concrete Unit Weight (pcf) - - - - - -
Slump {in) - - - - - -
Soil Model Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pef), y, 120 105 135 126 135 135
TORSIONAL Inlemél Friction Angle, ¢ 33 29 39 a6 - 36
Undrained Shear Strenglh (psf), ¢, - - - - - s
Shear Modulus (ksi), G 4.43 1.07 5.29 4.27 7.34 4.52
Torsional Shear Stress (psf) 495 255 520 1367 720 240
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 4.43 1.07 5.29 4.27 7.34 4.52
Poisson's ratio, v 0.30 0.30 0.26 0.30 0.23 0.26
TIP Axial Bearing Failure, kips 79 331 565 397 153

Uncorrecled SPT-N Value (blows/ft)

147

Undrained Shear Strength (psf), ¢,

IGM Mass Modulus (ksi), Er,

™ Ground Elevation of the Refrenced Boring (Borings).
@ Approximale Water Table Elevation at the time the refrence boring was performed.
 Blow counts corrected 1o equivalent safety hammer if boring is conducted using automatic hammer.




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge
Miami-Dade County, Florida

At Bent 8

Piles (Steel Pipe Pile 18")

Reference Boring B-8 Foundation Type Hriver ;.SiiI:el Fipg
Approximale Ground Elevation” (ft) -17.60 Size (inch) 18
Approximate Water Table Elevation®® (ft) 0.00 Base Area (f9) 1.77
Layer No. 1 2 3 4 5 ]
Soil Description Limestone/Gravel Sand Limestone/Gravel Limestone Sand Limestone/Gravel
Soll Type Cohesionless Cohesionless Cohesionless Rock Cohesionless Cohesionless
Top Boundary Elevation (fi) -18 -34 -39 -49 -60 -68
Boltom boundary Elevalion (f) -34 -39 -49 -60 -68 -110
Average SPT N-Value® (Blows/ft) 20 19 30 80 12 25
Soil Model Sand (Reese) Sand (Reese) Sand (Reese) Limestone (McVay) | Sand (Reese) Sand (Reese)
Internal Friction Angle, ¢ 38 32 40 - 3 39
Total Unit Weight (pch), v 135 115 135 135 110 135
Subgrade Modulus (pci), k 64 57 108 - 34 93
LATERAL Undrained Shear Strength (psf), ¢, - - - = “ =
Major Principal Strain @ eso 5 - - - - =
Major Principal Strain @ g40 - - = “ - =
Average Undrained Shear Strength (psf) - - - - - =
Unconfined Compressive Strengih (psf) - - - 26000 - -
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Total Unit Weight (pcf), v, 135 115 135 135 110 135
Shear Modulus (ksi), G 4,96 2.08 5.51 16.76 1.71 5,24
Poisson's ratio, v 0.26 0.30 0.26 0.23 0.30 0.26
Verlical Failure Shear Stress (psf) 400 709 600 1600 456 500
Undrained Shear Strength (psf), ¢ - - = = - a
AXIAL Ultimate Unit Skin Friclion (psf) - - = E - B
Mass Modulus (ksi) - - - - - -
Modulus Ratio - - - = 5 -
Surface (Rough/Smooth) - - - - - =
Unconfined Compressive Strength (psf) - - & = = -
Split Tensile Strength (psf) - - = - = -
Concrete Unit Weight (pcf) - - = - - =
Slump (in) - - - = = =
Soil Model Hyperbolic Hyperboli Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pci), v, 135 115 135 135 110 135
TORSIONAL Internal Friction Angle, ¢ 38 32 40 - 3 39
Undrained Shear Strength (psh), ¢, - - - 3 5 =
Shear Modulus (ksi), G 4.96 2.08 5.51 19.76 1.71 5.24
Torsional Shear Siress (psf) 400 709 600 1600 456 500
Soil Mode} Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 4.96 2.08 5.51 19.76 1.71 5.24
Poisson's ratio, v 0.26 0.30 0.26 0.23 0.30 0.26
TiP Axial Bearing Failure, kips 254 216 382 505 136 318
Uncorrected SPT-N Value (blows/ft) - - - - = -
Undrained Shear Strength (psf), ¢, - = - & = =
1GM Mass Modulus (ksi), Ep, - = - = - -

™ Ground Elevation of the Refrenced Boring (Borings).
@ Approximale Water Table Elevation at the time the refrence boring was performed.
 Blow counts corrected to equivalent safety hammer if boring is conducted using aulomalic hammer.




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge
Miami-Dade County, Florida

At Bent 13

Piles (Steel Pipe Pile 18")

Reference Boring B-13 Foundation Type piven gi:zel £l
Approximate Ground Elevation" (ft) -18.60 Size (inch) 18
Approximate Water Table Elevation' (ft) 0.00 Base Area (ft) 1.77
Layer No. 1 2 3 4 5 6
Soil Description Limestone/Gravel Sand Limestone Limestone Sand Limestone/Gravel
Soll Type Cohesionless Cohesionless Rock Rock Cohesionless Cohesionless
Taop Boundary Elevation (ft) -19 -32 -41 -52 -60 -67
Bottom boundary Elevation (ft) -32 -41 -52 -60 -67 -112
Average SPT N-Value® (Blows/ft) 23 21 42 70 13 23
Soil Model Sand (Reese) Sand (Reese) Limestone (McVay) | Limestone (McVay) Sand (Reese) Sand (Reese)
Internal Friction Angle, ¢ 3B a3 - - 31 as
Tolal Unit Weight (pcf), v, 135 120 135 135 110 135
Subgrade Modulus (pci), k 7 62 - - 35 71
LATERAL Undrained Shear Strength (psf), ¢, - - c - = -
Maijor Principal Strain @ esp - - - - E -
Major Principal Strain @ ;00 - - = 5 E =
Average Undrained Shear Strength (psf) - - - - - -
Unconfined Compressive Strength (psf) = = 14000 22000 - -
Soil Mede! Driven Pile Driven Pile Driven Plle Driven Pile Driven Pile Driven Pile
Total Unil Weight (pcf), v 135 120 135 135 110 135
Shear Modulus (ksi), G 5.13 2.19 9.03 16.94 1.76 5.13
Poisson's ralio, v 0.26 0.30 0.23 0.23 0.30 0.26
Vertical Failure Shear Stress (psf) 480 775 840 1400 495 460
Undrained Shear Strength (psf), c, - - - & - -
AXIAL Ullimate Unit Skin Friction (psf) - - - - - -
Mass Modulus (ksi) - - - - - -
Modulus Ratio - - - - - -
Surface (Rough/Smooth) B - = B . E
Unconfined Compressive Strength (psf) - - - - - -
Split Tensile Strength (psf) - - - - - -
Concrele Unit Weight (pcf) - - - - - -
Slump (in) - - - - - -
Soil Model Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbalic Hyperbolic
Total Unit Weight (pcf), v, 135 120 135 135 110 135
TORSIONAL Internal Friction Angle, ¢ 38 33 - - 3 38
Undrained Shear Strength (psf), ¢, - - - - - =
Shear Modulus (ksi), G 513 219 9.03 16.94 1.76 513
Torsional Shear Stress (psf) 460 775 B840 1400 495 460
Soll Mode! Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 5.13 2.19 9.03 16.94 1.76 513
Poisson's ratio, v 0.26 0.30 0.23 0.23 0.30 0.26
TIP Axial Bearing Failure, kips 293 238 411 481 147 293
Uncorrected SPT-N Value (blows/ft) - - - - - -
Undrained Shear Strength (psf), ¢, - - - - = -
IGM Mass Modulus (ksi), E, - - = = - =

™ Ground Elevation of the Refrenced Boring (Borings).
2 Approximate Water Table Elevalion at the lime the refrence boring was performed.
@ Blow counts corrected to equivalent safety hammer if boring is conducted using automatic hammer.




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge

Miami-Dade County, Florida

At Bent 19

Piles (Steel Pipe Pile 18")

Driven Steel Pipe

Reference Boring B-19 Foundalion Type Pile
Approximate Ground Elevation™ (fty -19.20 Size (inch) 18
Approximate Water Table Elevation® (i) 0.00 Base Area (i) 177
Layer No. 1 2 3 4 5 6
Soll Description Limestone/Gravel Limestone Sand Limestone Limestone/Gravel
Soil Type Cohesionless Rock Cohesionless Rock Cohesionless
Top Boundary Elevalion (ft) -19 -42 -50 -67 -77
Bottom boundary Elevation (ft) -42 -50 -67 -77 -119
Average SPT N-Value® (Blows/ft) 25 80 15 80 22
Soil Model Sand (Reese) | Limestone (McVay) | Sand (Reese) | Limestone (McVay) Sand (Reese)
Internal Friction Angle, 39 - 3 - 38
Total Unit Weight (pcf), v, 135 135 110 135 135
Subgrade Modulus (pci), k 93 - 48 - 69
LATERAL Undrained Shear Strength (psf), ¢, - 2 - - =
Major Principal Strain @ s - - - - -
Major Principal Strain @ &0 - - = = -
Average Undrained Shear Strength (psf) - - - - -
Unconfined Compressive Strength (psf) - 26000 - 26000 -
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Plle
Total Unit Weight (pcf), v 135 135 110 135 135
Shear Modulus (ksi), G 5.24 19.76 1.87 19.76 507
Poisson's ratlo, v 0.26 0.23 0,30 0.23 0.26
Verlical Fallure Shear Stress (psf) 500 1600 569 1600 440
Undrained Shear Strength (psf), ¢, - - = - =
AXIAL Ultimate Unit Skin Friction (psf) - - - - -
Mass Modulus (ksi) - - - - -
Modulus Ralio - - - - -
Surface (Rough/Smooth) - - - - -
Unconfined Compressive Strength (psf) - - - - -
Split Tensile Strength (psf) - - - - -
Concrete Unit Weight (pcf) - - - - -
Slump (in) - - - - -
Soll Model Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pcf), . 135 135 110 135 135
TORSIONAL Internal Friction Angle, ¢ 39 - 31 - 38
Undrained Shear Strength (psf), ¢, - = = - =
Shear Modulus (ksi), G 5.24 19.76 1.87 19.76 5.07
Torsional Shear Stress (psf) 500 1600 569 1600 440
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 5.24 19.76 1.87 19.76 5.07
Poisson's ratio, v 0.26 0.23 0.30 0.23 0.26
TIP Axial Bearing Failure, kips 318 505 170 505 280

Uncorrected SPT-N Value (blows/ft)

Undrained Shear Sirength (psf), ¢,

IGM Mass Modulus (ksi), Er,

M Ground Elevalion of the Refrenced Boring (Borings).
3 Approximate Water Table Elevalion at the time the refrence boring was performed.
© Blow counts corrected to equivalent safety hammer if boring is conducted using automalic hammer.




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge

Miami-Dade County, Florida

At Bent 24

Piles (Steel Pipe Pile 18")

Driven Steel Pipe

Reference Boring B-24 Foundation Type Pile
Approximate Ground Elevation™ (ft) -20.40 Size (inch) 18
Approximate Water Table Elevalion™ (ft) 0.00 Base Area (i) 1.77
Layer No. 1 2 3 4 5 [
Soil Description Limestone/Gravel | Sand/Limestene Sand Limestone Limestone/Gravel Limeslone
Soil Type Cohesionless Cohesionless Cohesionless Rock Cohesionless Rock
Top Boundary Elevation (ft) -20 -48 -53 -61 -73 -100
Boltom boundary Elevation (ft) -48 -53 -61 -73 -100 -110
Average SPT N-Value® (Blows/ft) 30 1 23 50 18 50
Soil Mode! Sand (Reese) Sand (Reese) Sand (Reese) Limestone (McVay) | Sand (Reese) |Limeslone (McVay)
Internal Friction Angle, ¢ 40 30 33 - 37 E
Total Unit Weight (pcf), v, 135 110 120 135 135 135
Subgrade Modulus (pci), k 108 14 86 - 59 -
LATERAL Undrained Shear Strength (psf), ¢, - - - - = =
Major Principal Sirain @ &, = « - _ _ -
Major Principal Strain @ &500 - - - - = -
Average Undrained Shear Strength (psf) - - - - - -
Unconfined Compressive Sirength (psf) - - - 16000 - 16000
Soll Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Total Unit Weight (pcf), v, 135 110 120 135 135 135
Shear Modulus (ksl), G 5.51 3.79 2.30 11.29 4.85 11.29
Poisson's ralio, v 0.26 0.30 0.30 0.23 0.26 0.23
Vertical Failure Shear Stress (psf) 600 -6 838 1000 360 1000
Undrained Shear Strength (psf), ¢, - - - - = s
AXIAL Ultimate Unit Skin Friclion (psf) - - - - - -
Mass Modulus (ksi) - - - - - -
Modulus Ratio - - - - - -
Surface (Rough/Smoolh) - - - - - -
Unconfined Compressive Strength (psf) - - - - - -
Split Tensile Strength (psf) - - - - - -
Cancrele Unit Weight (pef) - - - - - -
Slump (in) - - - - - -
Soil Model Hyperbolic Hyperbalic Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pcf), y. 135 110 120 135 135 135
TORSIONAL Inlerna:ll Friclion Angle, & 40 30 33 - 37 =
Undrained Shear Strength (psf), ¢, - - - - = =
Shear Modulus (ksi), G 5.51 3.79 2.30 11.29 4.85 11.29
Taorsional Shear Stress (psf) 600 -8 838 1000 360 1000
Soll Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 5.51 3.79 2.30 11.29 4.85 11.29
Poisson's ratio, v 0.26 0.30 0.30 0.23 0.26 0.23
TIP Axial Bearing Failure, kips 382 11 260 431 229 431

Uncorrected SPT-N Value (blows/ft)

Undrained Shear Strength (psf), ¢,

IGM Mass Modulus {ksi), E,

M Ground Elevation of the Refrenced Boring (Borings).
3 Approximate Water Table Elevation at the lime the refrence boring was performed.

 Blow counts corrected 1o equivalent safety hammer if boring is conducted using aulomalic hammer.



Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge

Miami-Dade County, Florida

At Bent 30

Piles (Steel Pipe Pile 18")

Driven Steel Pipe

Reference Boring B-30 Foundation Type Pile
Approximate Ground Elevation®" (f) -20.90 Size (inch) 18
Approximate Water Table Elevation® (f1) 0.00 Base Area (ft%) 1.77
Layer No. 1 Z 3 4 5 [:]
Soil Description Limestone/Gravel Sand Limestone/Gravel Limestone Sand Limestone/Gravel
Soil Type Cohesionless Cohesionless Cohesionless Rock Cohesionless Cohesionless
Top Boundary Elevation (ft) -21 -32 -38 -42 -57 -62
Boltorn boundary Elevation (ft) -32 -38 42 -57 -62 -70
Average SPT N-Value® (Blows/ft) 22 5 23 38 10 13
Soil Model Sand (Reese) Sand (Reese) Sand (Reese) Limestone (McVay) | Sand (Reese) Sand (Reese)
Internal Friclion Angle, ¢ 38 29 38 - 30 36
Total Unit Weight (pcf), v, 135 105 135 135 110 135
Subgrade Modulus (pci), k 69 21 71 - 30 38
LATERAL Undrained Shear Strength (psf), ¢, - B = & i =
Major Principal Strain @ es, = = L 5 a =
Major Principal Strain @ =5 - - = = = =
Average Undrained Shear Strength (psf) - = - = - -
Unconfined Compressive Strength (psf) - - - 14000 - -
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Total Unit Weight (pcl), y, 136 105 135 135 110 135
Shear Modulus (ksi), G 5.07 0.71 513 7.90 1.60 4.57
Poisson's ratio, v 0.26 0.30 0.26 0.23 0.30 0.26
Vertical Failure Shear Stress (psf) 440 171 460 760 378 260
Undrained Shear Strength (psf), ¢, - - - - - -
AXIAL Ullimate Unit Skin Friction (psf) - - - - - -
Mass Modulus (ksi) - - - - - -
Modulus Ralio - - - - - -
Surface (Rough/Smooth) - - - - - -
Unconfined Compressive Sirenglh (psf) - - - - - -
Split Tensile Strength (psf) - - = " = =
Concrete Unit Weight (pcf) - - 5 : = a
Slump (in) - - - - - -
Soil Model Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pcf), 1, 1356 105 136 135 110 135
TORSIONAL Inien\c?f Friclion Angle, ¢ 38 29 38 - 30 36
Undrained Shear Strength (psf), ¢, - - - & . =
Shear Modulus (ksi), G 5.07 0.71 5.13 7.90 1.60 4.57
Tersional Shear Stress (psf) 440 171 460 760 378 260
Soll Model Driven Pite Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 5.07 0.71 5.13 7.90 1.60 4.57
Poisson's ratio, v 0.26 0.30 0.26 0.23 0.30 0,26
TIP Axial Bearing Fallure, kips 280 57 293 401 113 185

Uncorrected SPT-N Value {blows/ft)

Undrained Shear Strength (psf), c,

IGM Mass Medulus (ksi), E,

™ Ground Elevation of the Refrenced Boring (Borings).
@ Approximate Water Table Elevation at the time the refrence boring was performed.
 Blow counts corrected to equivalent safety hammer if boring is conducted using automalic hammer,




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge
Miami-Dade County, Florida

At Bent 35

Piles (Steel Pipe Pile 18")

Reference Boring B-35 Foundation Type Driven glll:e! Pips
Approximate Ground Elevation'” () -13.10 Size (inch) 18
Approximale Waler Table Elevation® (it) 0.00 Base Area (fi9) 1.77
Layer No. 1 2 3 4 5 6
Soil Description Limestone/Gravel Sand Limestone/Gravel Limestone Sand Limestone
Soil Type Cohesionless Cohesionless Cohesionless Rock Cohesionless Rock
Top Boundary Elevalion (ft) -13 -30 -34 -41 -56 -61
Bottom boundary Elevalion (ft) -30 -34 -41 -56 -61 -113
Average SPT N-Value® (Blows/ft) 28 10 20 60 17 40
Sail Model Sand (Reese) Sand (Reese) Sand (Reese) Limestone (McVay) Sand (Reese) |Limeslone (McVay)
Internal Friction Angle, ¢ 40 30 38 - 32 -
Tolal Unit Weight (pcf), v, 135 110 135 135 115 135
Subgrade Modulus {pci), k 102 30 64 - 53 -
LATERAL Undrained Shear Strength (psf), ¢, - - = = % &
Major Principal Strain @ &s50 s < & . 5 -
Major Principal Strain @ &00 - - - - - -
Average Undrained Shear Strength (psf) - - - - - o
Unconfined Compressive Strength (psf) - - - 20000 - 14000
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Total Unit Weight (pcf), v, 135 110 136 135 115 135
Shear Modulus (ksi), G 5.40 1.60 4.96 14.12 1.98 8.47
Polsson's ratio, v 0.26 0.30 0.26 0.23 0.30 0.23
Verlical Failure Shear Stress (psf) 560 378 400 1200 641 800
Undrained Shear Strength (psf), ¢y - = = = - -
AXIAL  |Ultimate Unit Skin Friction (psf) - - - - - -
Mass Modulus (ksi) - - = - - -
Modulus Ratio - - - - - -
Surface (Rough/Smooth) - - - 2 - 5
Unconfined Compressive Strength (psf) - - - - = -
Split Tensile Strength (psf) - - - = = E
Concrete Unit Weight (pcf) - - - - = E
Slump (in) - - - - - -
Soil Model Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pcf), , 135 110 135 135 115 135
TORSIONAL Inlernaill Friction Angle, ¢ 40 30 38 - 32 -
Undrained Shear Strength (psf), ¢, - - £ = o -
Shear Modulus (ksi), G 5.40 1.60 4.96 14.12 1.98 8.47
Torsional Shear Stress (psf) 560 378 400 1200 641 800
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 540 1.60 496 14,12 1.98 8.47
Poisson's ratio, v 0.26 0.30 0.26 0.23 0.30 0.23
TIP Axial Bearing Failure, kips 356 113 254 456 192 406
Uncorrected SPT-N Value (blows/ft) - - - - = -
Undrained Shear Strength (psf), ¢, - - = - & -
IGM Mass Modulus (ksi), Er, = - = = - -

™ Ground Elevation of the Refrenced Boring (Borings).
@ ppproximate Water Table Elevation at the fime the refrence boring was performed.
@ Blow counts corrected to equivalent safety hammer if boring is conducted using automalic hammer,




Geotechnical Parameters for FB-MultiPier Input

Bear Cut Bridge
Miami-Dade County, Florida
At Bent 40

Piles (Stee! Pipe Pile 18")

Refarence Bering B-40 Foundation Type | Pven s’i‘j:‘a’ Fipe.
Approximate Ground Elevation®™ (ft) -4.20 Size (inch) 18
Approximate Water Table Elevation™ (ft) 0.00 Base Area (i) 1.77
Layer No. 1 2 3 4 5 6
Soil Descriptian Sand Limestone/Gravel Sand Limestone Sand Limestone
Soil Type Cohesionless Cohesionless Cohesionless Rock Cohesionless Rock
Top Boundary Elevation (f) -4 -15 -25 -37 -57 -60
Bottom boundary Elevation (ft) -15 -25 -37 -57 -60 -73
Average SPT N-Valug® (Blows/it) 21 24 15 37 3 66
Soil Model Sand (Reese) Sand (Reese) Sand (Reese) Limestone (McVay) Sand (Reese) Limestone (McVay)
Internal Friction Angle, ¢ 33 39 3 - 28 -
Total Unil Weight (pcf), v, 120 135 110 135 100 135
Subgrade Modulus (pci), k 62 74 48 - 18 -
LATERAL Undrained Shear Strength (psf), ¢, = - - = - =
Meajor Principal Strain @ &0 - = 5 a - -
Major Principal Strain @ &0 - - - = = &
Average Undrained Shear Strength (psf) - - - = - &
Unconfined Compressive Strength (psf) - - - 12000 - 22000
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Total Unit Weight (pef), v, 120 135 110 135 100 135
Shear Modulus (ksi), G 219 5.18 1.87 7.62 0.36 15.81
Poisson's ralio, v 0.30 0.26 0.30 0.23 0.30 0.23
Verlical Failure Shear Stress (psf) 775 480 569 740 83 1320
Undrained Shear Strength (psf), cy - - = z = -
AXIAL Ultimate Unil Skin Friction (psf) - - - - - -
Mass Modulus (ksi) - - - - - =
Modulus Ralio = - - - - -
Surface (Rough/Smooth) - - - - - -
Unconfined Compressive Strength (psf) - - - - - E
Split Tensile Strength (psf) - - - - - =
Concrete Unit Weight (pcf) o - - - - -
Slump (in) - - - - - E
Soil Mode! Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic Hyperbolic
Total Unit Weight (pef), v 120 135 110 135 100 135
TORSIONAL Inlema'ﬂ Friction Angle, 4 33 39 31 - 28 -
Undrained Shear Slrength (psf), ¢, - - - “ - _
Shear Modulus (ksi), G 2.19 5.18 1.87 7.62 0.36 15.81
Torsional Shear Stress (psf) 775 480 569 740 83 1320
Soil Model Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile Driven Pile
Shear Modulus (ksi), G 2.19 5.18 1.87 7.62 0.36 15.81
Polsson's ratio, v 0.30 0.26 0.30 0.23 0.30 0.23
TIP Axial Bearing Failure, kips 238 305 170 399 34 471
Uncorrected SPT-N Value (blows/t) - - - - - g
Undrained Shear Strength (psf), ¢, - - - = = &
IGM Mass Modulus (ksi), Ej, - - ~ = = N

) Ground Elevation of the Refrenced Boring (Borings).
@ ppproximate Water Table Elevalion at the lime the refrence boring was performed.
@ Blow counts corrected to equivalent safely hammer if boring is conducted using automatic hammer,



APPENDIX - E
Report of Parallel Seismic Testing by AFT




Applied Foundation Testing

AFT Board of Professional Engineers Certificate of Aulhorizalion No. 7668

August 5, 2013

Final Report of

Parallel Seismic Testing
Rehabilitation of

Bear Cut Bridge
Miami-Dade County, Florida
AFT Project No.: 213060

Authored By:

A P
‘4- .'/‘ /’rﬁ— Vl‘_,.
- , o '
T C@ff/;
:

L

Evan G. Clay, E.I.
Staff Engineer

-~ e

-
i . ; ¢
- ~ -~ e

Tt T

Thomas G. Santee, P.E.
Chief Engineer

For: Mr. Wenbin Zhao,
Tierra South Florida, Inc.
wzhao @tierrasf.com

-

T oNaL ENOS

DWW

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



Applied Foundation Testing

AFT Board of Professional Engineers Certificate of Authorization No. 7668

August 5, 2013

Final Report of

Parallel Seismic Testing
Rehabilitation of

Bear Cut Bridge
Miami-Dade County, Florida
AFT Project No.: 213060

Authored By:

b By~

Evan G. Clay, E.I.
Staff Engineer

. /
,/;’/:/ ,/:Zx
7 7

P - o
% '._-’/rl)--.._ar1/ P =il

Thomas G. Santee, P.E.
Chief Engineer

7 a
For: Mr. Wenbin Zhao, /M /(///%ﬁ—//

Tierra South Florida, Inc.

wzhao@tierrasf.com Michael K. Muchard, P.E.

Senior Principal Engineer
Florida PE License No.: 49290

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



Applied Foundation Testing Page 2
Final Report of Parallel Seismic Testing
Rehabilitation of Bear Cut Bridge, Miami-Dade County, Florida
AFT Project No.: 213060

Introduction

This report is provided to summarize the results of non-destructive testing (NDT) consisting of
the Parallel Seismic Testing (PST) method to estimate unknown foundation lengths. This work
was performed through a design build contract that has been awarded to Keiwit Infrastructure
South to perform rehabilitation of the Bear Cut Bridge. As part of this rehabilitation we
understand an interest exists in reusing the existing piles, pile caps, columns, and pier caps.
Pile driving records were not available so field testing to estimate foundation length was
undertaken. Applied Foundation Testing (AFT) was contracted through Tierra South Florida, Inc.
(TSF) to perform the testing.

The Bear Cut Bridge carries the north and southbound traffic of Rickenbacker Causeway over
Bear Cut to connect Virginia Key and Key Biscayne. The bridge is comprised of forty-one 51 ft
spans over the waterway for a total length of 2,091 ft. Miami Dade County constructed the
bridge (No. 874544) in 1944 and it was widened in 1984. The NDT work contained in this report
was only performed on the original bridge built in 1944,

The bridge substructure consists of two abutments and forty intermediate bridge piers. Bridge
piers were composed of two columns supporting the pier cap, beams, and deck. Each column
sits centered atop a pile cap approximately 4.0 feet thick and approximately eight feet square.
Each column is approximately four feet square at the top of the pile cap. Each pile cap is
supported on a five pile cluster. The five pile cluster includes a center pile in the pile cap and
four other piles at each corner of the pile cap. The four corner piles are double battered at an
estimated batter angle of 1.5 inches horizontal to every 12 inches vertical. The piles are
understood to be concrete filled monotube piles with an 18 inch butt diameter. Information
provided to us on the existing pile type was limited and consisted of the attached Piling Repair
plan sheet from 1983. The piling repair plan was apparently carried out as many of the piles
observed during our work have jackets using concrete from the bottom of the pile cap to the
mud line. The concrete pile jackets are approximately 36 inches in diameter.

The NDT testing efforts focused on the center plumb pile of eight (8) selected pile groups across
the bridge. More specifically, the center pile of the seaward pile group at Piers 5, 8, 13, 19, 24,
30, 35, and 40 were tested using Parallel Seismic Testing (PST). Please note that Low Strain
Integrity Testing (SIT) was also attempted but yielded inconclusive results. An example of these
inconclusive results are provided in the appendix but is not discussed any further in this report.
This report only includes the parallel seismic test results and our interpretations.

Parallel Seismic Test Set-up and Instrumentation

Within the scope of the SPT borings performed by TSF, borehole casings were installed at each
of the eight piers to be tested. This was done prior to AFT being on site. These casings were
composed of PVC with an approximate two inch inside diameter. The casings were installed to
depths of approximately 120 to 125 feet below the top of the pile cap and filled with water. The
casing was installed approximately four to five feet from the center of the pile cap (see
photograph). The SPT borings are included within Appendix D.

Parallel seismic testing was accomplished using an Olson Instruments Parallel Seismic system
and model Freedom Data PC. With necessary support from a diver, our general approach
included impacting the center pile with a hammer and triggering the computer software (to start
a time clock) via an accelerometer located near the hammer location. The subsequent
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compression wave from the hammer impact was recorded by a hydrophone located within the
borehole casing. The hydrophone was lowered in general to at least 80 feet below the top of the
borehole casing prior to the first impact by the hammer to the pile. The pile was then impacted
by the hammer. The hydrophone was then raised two feet and another hammer impact to the
pile was provided. This process continued until the hydrophone was approximately two to six
feet above the estimated mud line depth.

Keiwit Infrastructure South provided elevation survey measurements of the pile cap tops being
at elevation 1.6 feet (+0.02'), NGVD. All piles tested were accessed for testing using
commercial divers. Industrial Divers Corporation provided the divers, support personnel, and
equipment needed to attach a strike block to each tested pile to allow vertical hits with a small
sledge hammer. The diver also secured or held a waterproofed accelerometer (for triggering
purposes) against the pile during each hammer blow. Communication with the diver during the
test was accomplished via a radio incorporated into the dive helmet.

Appendix A includes photographs of the typical test set up and equipment. Each photograph
has a brief description or explanation.

Parallel Seismic Test Results

Parallel Seismic analysis is done in the time domain by stacking the test results from each test
interval using Brigix software developed for Olson Instruments. Each test interval is defined as
a vertical hammer blow creating a compression wave into the pile for each hydrophone depth
below the top of the borehole casing. The results are shown graphically in the time domain with
the signal captured by the hydrophone from each test interval stacked above the previous test
depth. Estimation of the pile tip is based on interpretation of an inflection point showing a
slowing of the first arrival from the compression wave energy traveling down the subject (center)
pile and through the soil to the hydrophone. This inflection point is indicative of the pile tip.

Please refer to Figures 1 through 8 in Appendix B for the outputs showing the parallel seismic
results and our interpretation. Data quality is acceptable for interpretation, but does appear to
contain some noise due to potential wave energy traveling to the hydrophone through the water
or through the nearby battered piles. Some of the poorer quality data sets were deleted from
the waterfall plots during the interpretation process. These deletions are illustrated by gaps in
the data in some of the figures. These deletions may slightly affect our interpretation of the
inflection points when they occur in the vicinity of the inflection point.

For all test locations the top of the pile cap was established as 1.6 feet elevation, NAVD. The
top of the borehole casings ranged from approximately -16.4 feet to 5.0 feet, NAVD.
Approximate measurements (using a weighted tape and/or depth finder) below the top of each
pile cap were used to establish approximate mud line elevations. A summary of the results
follows. A detailed summary of the results is included in Appendix C.
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Summary of Parallel Seismic Results™

Estimated 1
Top of . Estimated | Estimated Pile | ,Cohmated
. : Provided Mud - . . Variability in
Pier Casing Line Elevation (ft) Inflection Point Penetration Pile Lenath
Elevation Elevation (ft) (ft) > eng
Estimate (ft)
(ft)
5 6.1 -13.1 -32.2 19.1 t2to4
8 6.3 -17.6 -43.3 25.7 +3tob
13 5.0 -18.6 -41.4 228 +3tob
19 5.6 -19.2 -39.6 20.4 +3to5
24 6.4 -20.4 -36.2 16.8 +3tob
30 -16.4% 20.9 -40.9 20 +3to5
35 6.4 -13.1 -32.5 19.4 +2to4
40 6.1 -4.2 -37.3 33.1 +3tob
1. Only the center pile of the seaward pile group was tested. Other pile penetrations within the pile group,

within the landward pile group of the same pier, or in piers where no testing was completed likely vary from
the results presented considering the geologic site conditions.

2, This borehole casing broke at approximately the mud line. Testing was accomplished by the diver placing
the hydrophone into the borehole casing.

Summary and Conclusions

Non-destructive testing was performed using the Parallel Seismic test method to evaluate
unknown foundation lengths of the original Bear Cut Bridge built in 1944. Testing was not
performed on the adjacent bridge built in 1984. The parallel seismic testing was performed on
eight (8) selected piers across the bridge. These were located at Piers 5, 8, 13, 19, 24, 30, 35,
and 40. In each selected pier the testing focused on the center plumb pile. The parallel seismic
data were collected, analyzed and interpreted by AFT. Our interpretations suggest the pile tip
elevations for the tested piles range from approximately -32 to -43 feet. In general the estimated
pile tip elevations correspond to depths within the sandy limestone indicated in the borings.
Typical depth accuracy of the selected depth of the inflection point is estimated at plus or minus
five to ten percent.

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.
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Photographs of Parallel Seismic Test Set-Up and Equipment



Photograph 1 - Preparing casing prior to testing (typical)

Photograph 2 - Location of casing relative to footing (typical)




Photograph 4 - Typical layout of radio and data acquisition computer




Photograph 6 — Waterproof accelerometers used for test




Photograph 7 — Hydrophone connected to cable




Appendix B

Parallel Seismic Results — Figures 1 through 8
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Appendix C

Parallel Seismic Results Summary
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Appendix D

SPT Borings (by TSF) at Parallel Seismic Test Locations
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Appendix E

Existing Bridge Repair — Piling Repair Plan (from 1983)
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Appendix F

Representative Low Strain Integrity Test Data
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MEMORANDUM
COMMISSIONER XAVIER L. SUAREZ

L1 NW First Street, Suite 220 Miami, Florida 33128 Tel. (305) 375-5680 Fax (305) 372-6103

TO: Carlos A. Gimenez DATE:  August7, 2013
Miami-Dade County Mayor

RE: Bear Cut Bridge
Structural Integrity
FROM.: Xavier Suarez
Commissioner
District 7
Mayor,

I noted in your above-captioned memo, dated July 17, 2013, that field testing “will be conducted for the
portions of the piles that are underground, and thus not accessible for inspection.” | understand that this
study is being performed by the Contractor and should be ready by mid-August 2013,

As soon as the report {s complete, | would apprec(ate receiving a copy.

Thank you.

e

Xavier L, Suarez
Comimissionar
District 7

Cc: Franklin Caplan, Mavyor, Key Biscayne
Mayra Pena Lindsay, Vice Mavor, Key Biscayne
John Gllbert, Viilage Manager, Key Biscayne






