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• Project Introduction
• Pile Inspection and Assessment
• Structural Slab Overlay to Ensure Life Safety under 

Seismic Loading
• Top-side Wharf Crack Repair Strategies
• Seismic Retrofit of Existing Warehouse

Outline

Presenter
Presentation Notes
Briefly describe outline
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Project introduction

• Former Port of Oakland 
Shipping Terminal

• 10 acre Shoreline Park
• Existing Structures built 

between 1930 - 1950
• 1000 ft. Warehouse
• 1200 ft. x 225 ft. wharf

Presenter
Presentation Notes
Development in the Oakland EstuaryWill be Commercial / Residential Development with a shoreline park to complete a link of the Shoreline Park Bay Trail
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Project Introduction - Background

Presenter
Presentation Notes
Pictures of Existing FaçadePictures illustrate the use for shipping, rail and trucking industry for storage of goods
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Project Introduction – Existing Conditions

Presenter
Presentation Notes
Exterior Concrete WallsSteel Truss Framing in the interior
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Project Introduction- Piles

Presenter
Presentation Notes
Describe Concrete Pile Cross section	Components and Construction Sequence
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Wharf Evaluation – Inspection

• Concrete Core Testing of Wharf Deck, Pile Jackets, and 
Piles

• Pile and Wharf Visual Inspection
• ASCE Manual of Practice 130:

Waterfront Facilities Inspection and Assessment

Presenter
Presentation Notes
Evaluation of Piles consisted of concrete material testingAnd Visual testing
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Wharf Evaluation – Typical Cracking in Marine Piles

ATMOSPHERIC ZONE

TIDAL/SPLASH ZONE

SUBMERGED ZONE

CRACKING DUE TO 
CORROSION OF STEEL

CRACKING DUE TO 
CHEMICAL ATTACK
1.  Mg ION ATTACK
2.  SULFATE ATTACK
3.  CO2 ATTACK

MUD ZONE

Presenter
Presentation Notes
Process attributed to corrosion of steel reinforcement in concrete pilesMost of the damage seen in the tidal zone 
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Wharf Evaluation – Deterioration Mechanism in Marine 
Environment

Presenter
Presentation Notes
Deterioration Cyclic Process
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Wharf evaluation – Test data

• Carbonation depth

• Chloride content

• Concrete compressive strength

• Petrographic Examination

Presenter
Presentation Notes
Carbonation in tidal zone max 1” depthChloride content in tidal zone exceeds threshold. Cl content above splash zone negligibleCompressive strengths >6000 psi for piles and >3500 psi for deck and jacketSigns of sulfate attack and ettringite formation, max 1” depthEstimated w/c about 0.67 is highInspect piles in tidal zone every 3 years
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Satisfactory Fair

Poor

SeriousPoor

Presenter
Presentation Notes
Examples of rating typesAll timber piles at the land side were rated fair conditionTimber apron and waterside concrete piles were rated Majority of poor rating was concentrated around rock dike
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Pile Jacket Deterioration Pile concrete spall and section loss

Wharf evaluation – Pile inspection

Presenter
Presentation Notes
Example of Tidal Zone deterioration of pile jacketExample of pile section loss
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Wharf evaluation – Pile repair

Procedure:
• Chip away damaged concrete and clean 

exposed reinforcement

• Install bottom form and Fasten FRP 
Jacket into place with or without new 
reinforcement

• Place epoxy materials into Jacket
• Marine Epoxy Grout
• Cementitious Non-shrink Grout
• Trowel Epoxy

Presenter
Presentation Notes
Describe procedureRebar cage added to design if section loss was equal to or greater than 20%Materials include Port holes are included at the bottom and top of jacket,
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• California Building Code Chapter 31F 
– Marine Oil Terminals (MOTEMS)

• ASCE 61-14
– Seismic Design of Piers and Wharves

Wharf retrofit design criteria

Presenter
Presentation Notes
No set criteria for performance based design wharves and marine structuresASCE 7-10 limited to force based methodsWithin BCDC jurisdiction, Bay Conservation and Development Commission, 100’ within MHW, ECRB approvalCalifornia Building Code Chapter 31F: Marine Oil TerminalsASCE 61-14 Seismic Design of Piers and Wharves
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Site Specific Spectra

Presenter
Presentation Notes
Site specific spectraApproach calculates damping based on system ductilityMaximum of site specific spectra and 80% of code spectra
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Wharf evaluation - Overview

LAND SIDE

WATER SIDE

Presenter
Presentation Notes
Breakdown of pile types – Timber on land side, concrete on water sideFollows rock dike boundaryWaterside timber piles and timber deck deteriorated
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Wharf Evaluation – Existing rock dike

LAND SIDE WATER SIDE

Presenter
Presentation Notes
Weak YBM underlying rock dikeSlope stability concernsPile shear concerns
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Wharf evaluation – Inertial effects

Presenter
Presentation Notes
Nonlinear pushover analysisPile inelastic regions pile-deck, in-ground�Strain limits on different areas of pileCapacity protection – Strong deck weak pile
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Wharf Evaluation – Pushover Analysis
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Presenter
Presentation Notes
Pushover curve for existing wharf and Limiting performance pointsInitial yield, Immediate occupancy, life safetyExisting structure beyond life safety, needs retrofit
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Wharf evaluation – Kinematic Effects

Presenter
Presentation Notes
source>?  POLB manualKinematic effectFrom liquefaction or lateral spreadingPlastic hinge deeper along the pileFigure is reversed!
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Wharf retrofit
(N) LAND SIDE
36” DIA. STEEL PIPE PILES

(N) WATER SIDE
36” DIA. STEEL 
PIPE PILES

(N) CONCRETE PILES 
& REBUILT DECK

(N) WATER SIDE
36” DIA. STEEL 
PIPE PILES

(N) CONCRETE PILES 
& REBUILT DECK

Presenter
Presentation Notes
RetrofitsLandside 36” piles to reduce inertial demands on existing pilesWaterside 36” piles to stabilize slopeDemolish deteriorated outboard timber piles and timber deck
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Wharf retrofit

Presenter
Presentation Notes
Retrofit tied in with existing structureReduced demand of existing piles. Especially piles in rock dikeStabilized slope
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Wharf Retrofit – Overlay

• Repair any existing 
temperature and shrinkage 
cracks in existing slab 

• Roughen  top surface of the 
concrete deck

• Remove contaminants

Presenter
Presentation Notes
Repair existing cracksTop surface roughened
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Wharf Retrofit – Slab Installation

Presenter
Presentation Notes
Existing cracks to repairExpansion joints? – There were construction joints, but no expansion joints on the 1200’ long deckSome cracks started from construction joints that ended half of the wharf
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Wharf Retrofit – Overlay

• To repair the cracks, groove cut the crack 
with a saw or chipping tool

• After the routed crack is cleaned and 
allowed to fully dry, apply the sealant to the 
crack. 

• Sealants are polyurethane materials

Presenter
Presentation Notes
Crack repair procedureAli: See memo Sam wrote in email
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Terminal Building Retrofit – Overview

• 180 ft. Wide x 192 ft. Long  -
• Steel Trusses with Concrete Walls
• Large Door Openings with New Large 

Window Openings

Presenter
Presentation Notes
Part of existing terminal building preservedBuilding retrofit
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Terminal Building Retrofit – East Wall

Presenter
Presentation Notes
East wall with historic façade
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Terminal building Retrofit – North and South Walls

Presenter
Presentation Notes
1. North and South walls with large openings and doors
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Terminal building Retrofit – Strategies

• Shotcrete Wall Strengthening at East 
and South

• New West Wall

• Wall Anchorage

Presenter
Presentation Notes
Retrofit measures per ASCE 41Torsion due to open patio areaNew wall for torsional resistanceShotcrete at East and South wallsWall anchorage
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Terminal Building Retrofit – Shotcrete Walls

South wall

East wall

Presenter
Presentation Notes
Shotcrete wall on (E) South and east wallsWalls tied with new collectors
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Terminal Building Retrofit – South Wall Elevation

1

1 2

2

Presenter
Presentation Notes
Wall out of plane anchorage to roofDowels to wharf deck and piles
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Summary

• Existing Piles and deck repaired

• New Structural Overlay

• New Steel Pipe Piles

• Terminal Building Retrofit
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Construction Updates
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Construction Updates
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Questions

Presenter
Presentation Notes
Notes:1. Add new West wall detail2. Kinematic pinning forces
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