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Greenwood Bay HOA Seawall Repair

Agenda
• Introductions
• Project Background
• Project Scope and Design Criteria
• Structural Design Details



Introductions

• Owner’s Representative – Barnegat Group
• P.J. Cosgrove 

• Structural Engineer of Record – Simpson Gumpertz & Heger (SGH)
• Justin Pyun, P.E., S.E.

• Geotechnical Engineer of Record – RGH Consultants
• Eric Chase, P.E., G.E.
• Jared Pratt, Certified Engineering Geologist

• Independent Geotechnical Consultant
• R. William (“Bill”) Rudolph

• Permitting – AnchorQEA
• Katie Chamberlin 
• Jordan Theyel

Design Team



Project Background

Project Site

Greenwood Bay HOA

Seawall repair



Project Scope - Phases

Phase 1
• Pile repairs for fishing pier and pedestrian bridge
• Completed in 2021
• Expedited because of closure of structures due to safety concerns

Phase 2
• Repair of damaged lagging on timber seawall west side of property
• Expected to be amendment to current permit

Not in Scope
• Adjacent shoreline on west side of property with no existing seawall
• Shoreline on south and east side of property with no existing seawall



Project SCOPE - Shoreline

Seawall repair

Pedestrian Bridge
(Repaired in 2021)

Natural embankment
(Not in project scope)

Fishing Pier
(Repaired in 2021)



General Design Criteria - Seismic

• Repair designed to satisfy the requirements of the California Building Code for new design
• Seismic parameters consistent with ASCE 7-16 (2019/2022 CBC)

Seismic



General Design Criteria – Sea Level Rise

• Not considered in repair design
• Not considered in Phase 1 for bridge and fishing pier
• Phase 2 intent is only repair of existing seawall

• Not associated with new development or other upgrades to complex
• Only addresses part of shoreline of property

• No plans to address SLR on remainder of property shoreline
• Requirements to do so would require large engineering, construction, and development effort
• Would likely kill entire repair project

Sea Level Rise



Property SHORELINE OUT OF SCOPE

Greenwood Bay HOA



Site Access Constraints – By Land

• No access for large land-based equipment 
(cranes, pile driving rig, etc.)

• Private property with no public access. Wall is 
located behind locked pedestrian gates

• One access point at north end of the channel 
near the church

• Narrow access path and space

Seawall 
repair

Church



Site Access Constraints – By WATER

• Bottom of channel mudline elevation is 
approximately at mean sea level

• Tide timing and soft mud prohibitive for stationary 
equipment (barges, etc.)

• Pedestrian bridge with low clearance height prohibits 
access for most water-based construction vessels

• No marine contractor interested in this project



Structural Design 
Details



Description of Systems - overview

Relation to Existing Seawall

Plan - 1973 Original Seawall and 1989 Seawall Repair

Typical Segment “A” 
and “C” Construction

Typical Segment “B” 
Construction

1989 Seawall Repair
(Existing Condition)



Description of Systems - Sections

Sections

1973 Original Seawall 1989 Seawall Repair 
Segment “A” and “C”

1989 Seawall Repair 
Segment “B”



Existing Conditions at Wall

Typical Condition at Segment “A” and “C” Typical Condition at Segment “B”



Existing Conditions at Wale and Grade

Typical Condition of Steel Wale Typical View of Existing Grade at Top



Description of Systems - Topography

Wall Height

August 1988 Topographic Survey

1234

5
(Highest 
Retained 
Height)

678
9

Note: 
1. Highest retained height is approximately 5.5 ft. That 

height is used in the calculations.

2. Survey datum shown in plan is NGVD29.  Elevations 
shown in the table are converted to NAVD88.

Summary of Retained Heights

Plan
ID

T.O. 
Grade 

Landside
(ft.)

T.O. 
Grade 

Waterside
(ft.)

Retained 
Height

(ft.)

1 7.88 4.34 3.54
2 8.01 3.24 4.77
3 7.93 2.62 5.31
4 8.13 3.27 4.86
5 8.20 2.64 5.56
6 7.90 3.17 4.73
7 7.99 2.89 5.10
8 7.66 3.50 4.16
9 8.10 4.00 4.10



Structural Design Basis

Codes and Standards
• 2022 California Building Code
• American Society of Civil Engineers, Minimum 

Design Loads and Associated Criteria for Buildings 
and Other Structures, ASCE 7-16

• Geotechnical Engineering Circular No. 4, Ground 
Anchors and Anchored Systems, FHWA-IF-99-015

• U.S. Army Corp of Engineers, Design of Sheet Pile 
Walls, EM 1110-2-2504

Loads Considered
• Gravity (dead and live surcharge)
• Earth pressures (static and seismic)
• Hydrostatic (tidal lag)



Geotechnical Recommendations – Site Investigation

Boring B-1
• Heterogeneous fill 

within the existing 
backfill underlain 
by Bay Mud to a 
depth of 33 feet 
below the channel. 
Alluvial soils below 
that.



Geotechnical Recommendations - Seismic

PGA and Liquefaction
Excerpt 1  from RGH Geotech Report Page 5 Regarding PGA

Excerpt 2  from RGH Geotech Report Page 6 Regarding Liquefaction Induced Lateral Spreading

Excerpt 3  from RGH Geotech Report Page 6 Regarding Liquefaction Induced Settlements



PROPOSED REPAIR - Overview

Typical Section



PROPOSED REPAIR – Sheet Pile

FRP Sheet Piling



PROPOSED REPAIR – Wale

FRP Wale and Splice



PROPOSED REPAIR – Manta Ray Anchor installation

Manta Ray Anchor Installation



PROPOSED REPAIR – Manta Ray Anchors

Manta Ray Anchor Capacities



PROPOSED REPAIR – Anchor Testing

Performance and Proof Testing of Anchors per Sheet S03

• Two anchors to be performance tested:

• Remaining anchors to be proof tested:



PROPOSED REPAIR – Example SEQUENCE

Example Sequence of Work

Excavate existing 
backfill to unload 
the existing timber 
seawall and expose 
the existing tie-rods 
for structural 
observation. Cut, 
clean, and prepare 
surfaces of exposed 
existing tie-rods. 

Drive anchors and 
install couplers. 
Perform load 
testing.

Install FRP sheet 
piling seawall 
repair. Perform 
periodic 
observations of the 
sheet piles for post-
construction 
settlement. Install 
wale and cap after 
the wall has 
stabilized.

Install weep hole 
filters and 
geotextile fabric. 
Backfill with 
compacted 
permeable 
lightweight fill. 

Remove existing 
deteriorated timber 
seawall 
components.

Above figure shown on Sheet G-02 as example sequence.  Contractor is responsible 
for means and methods.



Analysis and Design - Approach

• Use force-equilibrium analysis approach
• Determine required penetration depth of sheet piling to satisfy factor of safety (FOS) 

against overturning > 1.5 (static) and 1.1 (seismic) per USACE and CBC
• Design and select sheet pile, wale, and anchor size/layout based on analysis results and 

correspondence with components manufacturers
• Additional verifications analysis using PYWall
• “Informal” review by independent geotechnical engineer (Bill Rudolph)

Approach



Analysis and Design – Wall loading

Wall Loading Profile

1. Soil properties are based on Clearlake Lava permeable drain rock.
2. Soil properties are taken from the RGH Geotechnical Report.



Analysis and Design – PYWall verification

PYWall Results – Deflections, Shears, and Moments

Max Top of Wall 
Deflection < 0.1 inches

Max Toe Deflection 
= 0 inches

Max Bending Moment 
= 6 kip-inch/ft

Max Shear 
= -0.5 kip/ft

Anchor Force 
= 0.9 kip/ft



Analysis and Design – Skin friction

PYWall Results – Skin Friction

Axial demand on sheet piling system = 167 lb/ft
Ultimate Capacity = 1700 lb/ft 
FOS = 10



Analysis and Design – Results

Design Summary
• We calculated a global overturning FOS of 2.86 using a force-based approach
• We calculated the following demand-to-capacity ratios:



Summary

• Site access constraints
• Water access impractical due to channel elevation and pedestrian bridge
• Land access through church property
• Limited to hand operated tools and small backhoe/excavator

• Sea level rise not considered
• Seismic

• Potential for lateral spreading is low and liquefaction induced settlements are minimal per 
Geotechnical Report

• Code-level seismic active earth pressures included in the analysis per Geotechnical Report
• System

• 5.5 ft retained height and 7 ft minimum piling penetration
• FRP sheet piling, wale, and cap
• Reuse existing tie-rods and install supplemental anchors
• Overturning stability FOS is satisfactory
• Component DCRs are satisfactory
• Minimal sheet pile deflections expected
• Anchors to be performance and proof tested

• Design satisfies the requirements of the Building Code
• Net reduction in Bay Fill due to construction behind existing seawall
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