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1.0 Introduction 
This Design Appendix presents the supporting technical information used in the feasibility analysis of the 
Rebuild by Design Meadowlands (RBDM) Flood Protection Project (the Proposed Project). This appendix 
(Appendix C) provides the geotechnical and structural detailed analyses for the line of protection (LOP) 
and the design of the surge barrier and pump station near the Paterson Plank Road Bridge over Berry’s 
Creek. 

A general location map of the RBDM Project Area is provided in Figure C-1, (i.e., the Phase 1 Pilot Area). 

 

 
Figure C-1: RBDM Project Area 
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 Project Purpose 
The Proposed Project includes the construction of flood risk reduction measures designed to address the 
impacts of coastal and systemic inland flooding on the quality of the physical, natural, cultural, and 
socioeconomic environment due to both storm hazards and sea level rise within the Project Area. The 
purpose of the Proposed Project is to reduce flood risks and increase the resiliency of the communities 
and ecosystems in the Project Area, thereby protecting infrastructure, facilities, residences, businesses, 
and ecological resources from the more frequent and intense flood events anticipated to occur in the 
future. 

 Project History 
The Hurricane Sandy Rebuilding Task Force created the Rebuild by Design (RBD) competition in the 
summer of 2013 to develop ideas to improve the physical, ecological, and economic resilience of regions 
affected by Hurricane Sandy. The competition had two goals: (1) to promote innovation by developing 
flexible solutions that would increase regional resilience; and (2) to implement proposals with both public 
and private funding dedicated to the RBD effort. In order to realize the RBD initiative, the US Department 
of Housing and Urban Development (HUD) set aside Community Development Block Grant – Disaster 
Recovery (CDBG-DR) funds allocated through the Federal Sandy Supplemental legislation to develop 
and incentivize implementation of RBD projects.  

HUD engaged multi-disciplinary teams composed of architects, designers, planners, and engineers. HUD 
charged these teams with proposing regional- and community-based projects that would promote 
resilience in various Hurricane Sandy-affected areas. The teams included experts from around the world. 
The teams’ proposals, developed with and by the communities where the projects were focused, were 
submitted to HUD. HUD selected six “winning” projects of which two were in New Jersey: one focused on 
the Hudson River region (RBD Hudson) and the other focused on the Meadowlands region (RBD 
Meadowlands (RBDM)). The winning project for the Meadowlands Region included three Pilot Areas 
(Figure C-1). The “Phase 1 Pilot Area” was specifically identified and selected by HUD through the RBD 
competition. There are currently no plans to advance the Phase 2 and Phase 3 Pilot Areas of RBDM. 

On October 16, 2014, HUD issued Federal Register Notice FR-5696-N-11 (effective October 21, 2014). 
This Notice allocated $881,909,000 of third round CDBG-DR funds to New Jersey. Of that total, HUD 
designated $380 million for the two RBD projects in New Jersey: $230 million to RBD Hudson and $150 
million to RBDM, Phase 1 Pilot Area.  

The Phase 1 Pilot Area is now referred to as the RBDM Flood Protection Project Area (Figure C-1). The 
Project Area, as defined in the award-winning RBD design, includes the Boroughs of Little Ferry, 
Moonachie, Carlstadt, and Teterboro, and the Township of South Hackensack, all in Bergen County, New 
Jersey. The Project Area has the following approximate boundaries: the Hackensack River to the east; 
Paterson Plank Road (State Route 120) and the southern boundary of Borough of Carlstadt to the south; 
State Route 17 to the west; and Interstate 80 (I-80) and the northern boundary of the Borough of Little 
Ferry to the north. 

The State of New Jersey Department of Environmental Protection (NJDEP), on behalf of the State of New 
Jersey through its Department of Community Affairs (NJDCA), as the recipient of HUD grant funds and as 
the “Responsible Entity,” intends to prepare an Environmental Impact Statement (EIS) and Feasibility 
Study for the RBDM Flood Protection Project (the Proposed Project). 

The Feasibility Study evaluates the alternatives for implementing the Proposed Project in the Project Area. 
The RBD award-winning concept takes a multi-faceted approach to address flooding from coastal storm 
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surges and heavy rainfall events. 

 Proposed Project Alternatives 
Three alternatives were proposed to reduce the flood risk within the Project Area. The alternatives vary by 
the type of infrastructure that is proposed. Alternative 1 includes various infrastructure-based solutions 
intended to provide protection against coastal storm surges. Alternative 2 includes various grey and green 
infrastructure-based solutions, as well as new parks and improved open spaces, intended to improve 
stormwater management in key locations throughout the Project Area. Alternative 3 would consist of a 
hybrid of coastal flood protection and stormwater drainage improvements. . 

• Alternative 1, the Structural Flood Reduction Alternative, to the extent practical, would 
evaluate a Federal Emergency Management Agency (FEMA) certifiable level of flood protection 
to a portion of the Project Area. Under Alternative 1, a LOP would be constructed using of a range 
of grey infrastructure, including floodwalls, levees, berms, a tide gate and eight closure gates, and 
a surge barrier and pump station, designed to provide flood protection up to an elevation of 7.0 
feet (North American Vertical Datum of 1988 (NAVD 88)). In addition to flood reduction 
infrastructure, this alternative would integrate open space features and green infrastructure into 
the design.  

• Alternative 2, the Storm Water Drainage Improvement Alternative, would improve stormwater 
management through the installation of 41 green infrastructure systems (bioswales, storage/tree 
trenches, and rain gardens) along roadways, five new parks, improvements to five existing open 
spaces/public amenities, three new pump stations, two new force mains, and dredging of the 
lower reach of East Riser Ditch.  

• Alternative 3, the Hybrid Alternative, would combine components of Alternatives 1 and 2 to 
provide an integrated, hybrid solution that employs a combination of appropriate levees, berms, 
drainage structures, pump stations, and/or floodgates, coupled with local drainage improvement 
projects, to achieve the maximum amount of flood protection within the boundaries of the Project 
Area. However, due to funding and construction constraints associated with a project of this 
magnitude, the Alternative 3 features would be separated into two stages: a Build Plan, which 
includes all features to be constructed as part of the Proposed Project, and a Future Plan, which 
includes the remaining features that could be constructed over time by others as funding sources 
become available and construction feasibility permits. The Alternative 3 Build Plan would consist 
of all of the Alternative 2 components, with the exceptions of two new parks and a pump station 
force main in Losen Slote. Additionally, the proposed improvements proposed for one of the parks 
under Alternative 2 would be altered under the Alternative 3 Build Plan. The Alternative 3 Future 
Plan would consist of all of the remaining features from Alternative 2, as well as all of the features 
from Alternative 1. 

 Geotechnical Analysis 

For the geotechnical analysis, the following flood protection alternatives were analyzed: earth levees, 
double sheet pile walls, flood walls (T, I, and L-sections), cantilever sheet pile walls, and an anchored 
sheet pile wall. In addition, deep foundation alternatives were analyzed for the proposed East Riser Ditch 
pump station and forebay. 

Based on historical soil borings, the Project Area along the proposed line of protection was divided into 
seven Soil Areas. The boring data indicated a soft organic clay/peat layer in Soil Areas 4 to 7 compared 
to Soil Areas 1 to 3, where this layer was not encountered. The geotechnical analyses were performed for 
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various flood heights for each flood protection alternative. The flood elevation was assumed to be +8 feet 
(referenced to the North American Vertical Datum of 1988, or NAVD88).Based on the results of the 
geotechnical analyses, the levee alternative is feasible for flood height of 2 feet, 4 feet, 6 feet, and 8 feet 
for Soil Areas 1 to 3 and for flood height 2 feet and 4 feet for Soil Areas 4 to 7. Levees with 6 feet and 8 
feet flood height for soil areas 4 to 7 will require sheet piles on both the riverside and the landside. 

A double sheet pile wall is a feasible alternative to 6 feet and 8-feet high levees with sheet piles for Soil 
Areas 4 to 7. A double sheet pile wall structure consists of two steel sheet piles with their tops connected 
by struts and the space between the sheet piles filled with sand, thereby forming a wall. 

The floodwall alternative was considered for all Soil Areas. T-walls, without deep foundations, are 
recommended from a seepage standpoint for all flood heights for Soil Areas 1 to 3. I-Walls, without deep 
foundations, are recommended for 2 feet and 5 feet flood height within Soil Areas 4 to 7. T-Walls and L-
Walls on deep foundations are recommended for 6-feet and 8-feet flood height within Soil Areas 4 to 7. A 
combination of sheet piles with either driven battered steel piles or battered micro piles is recommended 
as the deep foundation alternatives to T- and L- walls in Soil Areas 4 to 7. 

The cantilever sheet pile wall alternative is feasible for flood heights of 6 feet and 8 feet for the Soil Areas 
1 to 3. The cantilever wall with 15 feet flood height in Soil Area 2 is only feasible when flood overtopping 
criteria is not governing the design. In the event flood overtops the walls beyond the design basis, 
additional deflection at the top of the sheet piles is expected, but will remain within serviceability limits. 
The anchored sheet pile alternative is recommended for a 15-foot flood height in Soil Area 2, where the 
bedrock is higher than elevation -27 feet. 

At locations where dense soils are encountered, sheet piles will be installed in a pre-augured trench that 
will be fully grouted post sheet pile installation. The grouting will be performed by tremie pipes that attach 
to the sheet piles on both sides that pressure non-shrink grout will be injected through or a slurry method 
will be used to form a trench 2 feet wide filled with concrete/grout around the sheet piles. 

Due to the presence of the organic clay/peat layer in Soil Area 6, deep foundations are the only feasible 
option. A proposed deep foundation option (a group of H-Piles with 212 HP 16×141 steel piles with 
lengths of 65 feet and a center-to-center spacing of 6 feet) for the pump station is adequate in terms of 
the axial capacity of a single pile. In addition, a proposed deep foundation option (40 HP 16×141 steel 
piles with lengths of 75 feet and a center-to-center spacing of 9 feet) is also adequate for the forebay of 
East Riser Ditch pump station in Soil Area 6.  

Considering that the exit gradient and flow rate for the I-wall and T-wall alternatives with much shorter 
sheet piles were within acceptable limits, seepage is not a concern for double sheet pile walls, cantilever 
sheet pile walls, and anchored sheet pile wall. However, it is highly recommended to perform global 
stability analyses for each flood protection alternative and a pile group analysis for each foundation 
system using the computer program GROUP as part of the design phase of the project. 

The above recommendations are based on preliminary analyses. In addition, flood overtopping and 
corrosion were not considered in our recommendations. The feasibility of these alternatives may change 
when more accurate subsurface information along the flood protection line is obtained and additional 
analysis is performed during the design phase.  

 Structural Analysis 
The structural protection measures evaluated in the RBDM project includes Concrete Floodwall (T-wall) 
and Walkway. These structures are subdivided based on their forms of foundation, widths, and locations. 

Structural analyses included designs of shallow foundation concrete floodwall (T-wall), cantilever walkway 
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and its relevant sections, and fluvial park elevated walkway. The top elevation of each section is designed 
to be 8 feet (NAVD 88), including 1 foot of freeboard. Microsoft Excel Spreadsheet and hand calculations 
were used for calculating equations and SAP 2000 was used for structural modeling. The analysis of the 
cross sections not covered in Subappendix C2 (Structural Subappendix) could be found in Subappendix 
C1 (Geotechnical Subappendix), such as the single and double sheet pile wall and cantilever sheet pile 
walkway.  

Subappendix C2 covers concrete structures such as a slab and columns of cantilever walkway, which are 
proposed along the line of protection, while Subappendix C3 covers hydraulic concrete structures such as 
a surge barrier at Berry’s Creek. Because two subappendices cover different types of concrete structures 
at different locations, different design criteria were used. The only hydraulic concrete structure 
Subappendix C2 covers is the shallow foundation concrete floodwall (T-wall), and only stability check was 
performed with service load combination in this phase of design. Reinforced concrete design for the 
shallow foundation concrete floodwall (T-wall) will be performed in the next phase of design with the same 
load combination with Subappendix C3. The design criteria used in designs of the shallow foundation 
concrete floodwall (T-wall), cantilever walkway and its relevant sections, and fluvial park elevated 
walkway could be found in Subappendix C2. 

Nine shallow foundation concrete floodwall sections were designed at heights from 2 feet to 10 feet with 
an increment of one foot. Every section has been checked for its sliding and overturning stability and soil 
bearing capacity in accordance with COE EM 1110-2-2502 with service load combination. The load case 
I2 was used, which is an inland flood wall case of water to top of wall. The stability criteria used in the 
design of the shallow foundation concrete flood wall is listed in Table C-1. 

Table C-1: Inland Flood Wall Stability Criteria Load Case I2: Water to Top of Wall  

Criteria Minimum Required 
Sliding Factor of Safety 1.33 
Minimum Base Area in 

Compression in Soil Foundation 
(Overturning Criteria) 

75% 

Bearing Capacity Safety Factor 2.0 
 

The smallest actual sliding safety factor was 1.40 for 9 feet to 10 feet high floodwalls, and all of the 
floodwalls sections had 100 percent minimum base area in compression. The smallest actual bearing 
capacity safety factor was 2.01 for 1 foot to 2 feet high floodwalls. 

Sliding and overturning stability has been checked for the retaining wall on the protected side of the 25-
feet wide cantilever walkway. The minimum required safety factor for both sliding and overturning stability 
is 1.5 while the analyses showed a safety factor of 2.51 for sliding and 3.49 for overturning. 

Structural members of cantilever walkway section near the existing pump station were designed and their 
design efficiencies were summarized. The analysis showed a design efficiency of 95.44 percent for the 
walkway slab, 14.04 percent for the column at the flood side of the walkway, 2.13 percent bearing 
efficiency, and 3.48 percent axial compression efficiency for the wall at the protected side of the walkway. 

Concrete frame of the elevated walkway section at Fluvial Park was designed and a design efficiency of 
each member was summarized. The analysis showed a design efficiency of 61.82 percent for the center 
beams, 43.11 percent for the girder, 4.83 percent for the column, and 58.02 percent bending efficiency 
and 92.79 percent torsion efficiency for the side beams. See Sheet S-409 for required foundation 
dimensions. 
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 Surge Barrier and Pump Station Design 
7.1 General 

A Recon Study of Berry’s Creek Option 1, surge barrier (floodgate) and pump station, was prepared to a 
level needed to develop a cost estimate for comparison purposes. Drawings of gates and pump stations 
with similar load conditions along with a stability analyses were used for preparing the Recon Plans. The 
stability analysis consisted of a pile foundation design and only load cases that typically govern design 
were considered. A more detailed design would be required if a future re-evaluation led to the selection of 
the Surge Barrier option. 

The water stage of elevation 7.0 feet (NAVD 88) was used as the design stage for the Alternative 1, 
Berry’s Creek Option 1 system. This stage does not meet the 1 percent storm event criteria mandated for 
FEMA Certification. Elevation 7.0 feet (NAVD 88) was selected largely for economic reasons. In holding 
elevation 7.0 feet (NAVD 88), the Patterson Plank Road (Route 120) embankment and adjacent higher 
natural ground would provide a shorter line of protection, thus reducing the overall cost of the Proposed 
Project. The floodgate and pump stations were considered critical structures and were designed adding 3 
feet of freeboard above the system design stage. This adjustment in elevation satisfied the 2.6 feet future 
sea level rise and complies with the 3 feet increase over the Base Flood Elevation as specified in 33 
Coed of Federal Regulations (CFR) 65.10. The floodgate width of 100 feet (two 50 feet gates) matched 
the existing width of Berry’s Creek channel immediately south of the Patterson Plank Road Bridge. The 
1,000 cubic feet per second (cfs) pump capacity was estimated based on Hydrologic Engineering Center - 
Hydrologic Modeling System (HEC-HMS) modeling of Berry’s Creek drainage area under the design 
events (10-year fluvial along with a 2-year tide). A detailed drainage study is required if this option is 
advanced. The pumps are only used when the floodgates are closed.  The pumps prevent the protected 
side stage from increasing due to impounded water. There are no navigation demands.  Approach guide 
walls and fenders were not required. 

7.2 Codes and Standards 
The following is a list of general United States Army Corps of Engineers (USACE) references and industry 
codes and standards which are applicable to structural design. Local codes will govern in case of 
conflicting requirements. All of the general codes and standards listed below apply to design elements 
such as the pump station, operations/ control buildings and bridge, but are not necessarily limited to, the 
following:  

• American Association of State Highway and Transportation Officials (AASHTO), Load and 
Resistance Factor Design (LRFD) 3rd Edition, 2004 with Interim Revisions excluding Section 6 of 
2006 

• American Concrete Institute (ACI) 318-14, Building Code Requirements for Structural Concrete 

• ACI 350--06, Concrete Sanitary Engineering Structures 

• American Institute of Steel Construction, Inc. (AISC), Manual of Steel Construction, 14th Edition 

• American Society of Civil Engineers (ASCE) 7-10 , Minimum Design Loads for Buildings and 
Other Structures 

• International Code Council (ICC), International Building Code New Jersey Edition: 2015 

• American Society for Testing and Materials (ASTM) 

• American Welding Society (AWS) D1.1-10, Structural Welding Code, or  latest edition 
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• AWS D1.6-10, Stainless Steel Welding Code, or latest edition 

• USACE Engineer Manual (EM) 1110-2-2000 Standard Practice for Concrete for Civil Works 
Structures 

• USACE EM 1110-2-2102, Water Stops and Other Preformed Joint Material for civil Works 
Structures 

• USACE EM 1110-2-2104, Strength Design for Reinforced Concrete Hydraulic Structures 

• USACE EM 1110-2-2100, Stability Analysis of Concrete Structures 

• USACE EM 1110-2-2502, Retaining and Flood Walls 

• USACE EM 1110-2-2906, Design of Pile Foundations 

• USACE EM 1110-2-3104, Structural and Architectural Design of Pumping Stations 

• USACE Engineer Technical Letter (ETL) 1110-2-584, Design of Hydraulic Steel Structures 

• 44 CFR 65.10, FEMA Levee Mapping and Certification 

7.3 General Design Load Parameters 
7.3.1 Load Combinations 

Structures, components, and foundations shall be designed so that their design strength equals or 
exceeds the effects of the factored loads in USACE EM1110-2-2104 or ASCE 7-10.  Load combinations 
per EM 1110-2-2104 will be applicable to Berry’s Creek and are listed in Table C-1. 

Table C-1: Strength Load Combinations and Strength Design Parameters 

Load 
Combinations 

Strength Design U=Rf*Hf*(D+L+…)  
Reduction 

Factor 
(Rf) 

Hydraulic 
Factor 

(Hf) 
Dead 
(D) 

Live 
(L) 

Hydro- 
Static 

(H) 
Uplift 

(U) 
Wind 
(W) 

Soil 
(S) 

Settle- 
ment 
(ST) 

Impact 
(I) 

Construction 
Construction 

Condition A1 0.86 1.3 1.7 - - - 1.7 - 1.7 - 

Operation 
Normal 

Operation 
Condition 

B1 1 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

Start-up  
Condition B2 1 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

High Head 
Condition B3 1 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

Reverse Head B4 0.86 1.3 1.7 1.7 1.7 1.7  1.7 - 1.7 
Hurricane 

Storm Surge 
Condition C1 0.75 1.3 1.7 1.7 1.7 1.7 1.7 1.7 - 1.7 

Maintenance 
Maintenance  
Conditions D1 0.86 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 
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7.3.2 Hydraulic Stages 

Water and ground surface elevations for the structural analysis are shown in Table C-1. 

Table C-1: Hydraulic Stages and Desing Water Surface Elevations 

 

Stage 
Flood Side 

(elevation in feet 
NAVD 88) 

Protected Side 
(elevation in feet 

NAVD 88) 
Normal 1.0 1.0 

Maximum Direct Water* 7.0 0.0 
Maximum Reverse Water 0.0 5.0 

* Stages do not meet the 100-year levels required for FEMA Certification 

7.4 Load Cases 
7.4.1 Dead Loads 

Dead loads shall be determined in accordance with applicable engineering manuals and ASCE 7-10, and 
shall include the self-weight of all permanent construction components including foundations, slabs, walls, 
roofs, actual weights of equipment, overburden pressures, and all permanent non-removable stationary 
construction. Typical unit weights (in per cubic foot (pcf)) are shown in Table C-4. 

Table C-4: Unit Weights 

Item Weight 
[pcf] 

Water (Fresh) 62.4 
Semi-compacted Fill 110 

Fully Compacted Granular Fill, wet 120 
Fully Compacted Granular Fill, Effective 58 

Fully Compacted Clay Fill, wet 110 
Fully Compacted Clay Fill, Effective 48 

Riprap 130 
Silt 94 

Reinforced Concrete (Normal weight) 150 
Steel 490 

 
7.4.2 Live Loads 

Live loads for building structures shall be determined in accordance with applicable engineering manuals 
and ASCE 7-10. Additional details are provided in Subappendix C3. 

7.4.3 Soil Pressures (S) 

Structures are designed for lateral and vertical soil pressures. Lateral pressures are determined using the 
at-rest coefficients, K0 obtained from the Geotechnical Report: 

• Lateral Soils at-rest Pressure Coefficients: 

o K0 = 0.8 for Clay; and 

o K0 = 0.48 for Granular Material. 

Per Naval Facilities Engineering Command (NAVFAC) Design Manual (DM) 7.2, the following coefficients 
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of friction are recommended: 

• Mass Concrete on Rock: tan(35) = 0.70; 

• Mass Concrete on Medium Clays: tan(18) = 0.32; and 

• Mass Concrete on Medium Sands: tan(26) = 0.48. 

Per the values of K0 provided above, Active and Passive Earth Pressure Coefficients have been 
determined as follows: 

• Clays:   

o K0=0.8, the corresponding friction angle is Ø =11.54° (K0=1-sin(Ø)) 

o Assume level backfill, and use Rankine Theory 

o Ka=tan2(45-Ø/2) = tan2(45-11.54/2) = 0.667 

o Kp=tan2(45+Ø/2) = tan2(45+11.54/2) = 1.500 

• Granular Material: 

o K0=0.48, the corresponding friction angle is Ø =31.6° (K0=1-sin(Ø)) 

o Assume level backfill, and use Rankine Theory 

o Ka=tan2(45-Ø/2) = tan2(45-31.6/2) = 0.316 

o Kp=tan2(45+Ø/2) = tan2(45+31.6/2) = 3.170. 

7.4.4 Hydrostatic Loads (H) 

Hydrostatic loads for which structures will be designed refer to the vertical and horizontal loads induced 
by a static water head and buoyant pressures, excluding uplift pressures. Dynamic Wave Load is 
neglected in this RECON Design but must be considered in advanced design. The inland location would 
preclude a wind driven wave. 

7.4.5 Uplift Loads (U) 

Uplift loads for which structures will be designed are defined by two uplift conditions: Uplift Condition A 
assumes the sheet pile cutoff wall is fully effective, and Uplift Condition B, assumes the sheet pile cutoff 
wall is ineffective (pressure assumed to be vary linearly across the base). The dewatered construction 
case may govern; however, a reduced load factor should be considered for the short-term loading. 

7.4.6 Wind Loads (W) 

Structures are designed for wind loads established by ASCE No. 7, “Minimum Design Loads for Buildings 
and Other Structures.” 

7.4.7 Impact Loads (I) 

For elements supporting reciprocating or rotating equipment and cranes proper allowance, or as 
determined by analysis, shall be made for impact in addition to other loads. The following minimum 
impact loads shall be used: 

• Traveling cranes and hoists: 25 percent of the lifted loads;  

• Rotating equipment: 20 percent of the total machine weight;  

• Reciprocating equipment: 50 percent of the total machine weight (consideration will be given to 
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the deflection of beams supporting reciprocating and rotating machines); and  

• The use of isolators can be considered in reducing the effects of machinery impact (the reduction 
shall be based on manufacturers’ recommendations). 

7.4.8 Access Bridge 

Access bridge shall be designed per AASHTO for highway truck railing loadings.  

7.4.9 Settlement Loads (ST) 

Structures are designed for forces generated by settlement (downdrag) in coordination with the 
Geotechnical Design. Downdrag forces are applied to sustained load cases (i.e., construction). The 
downdrag force exerted by settling soil adjacent to the pump station and floodgate is applied to the 
perimeter of the structure. Downdrag forces are also included in the structural check of the piles. 
Downdrag loads are obtained from the geotechnical engineer on a case-by-case basis as applicable. How 
downdrag forces on piles are computed is explained in the geotechnical report. 

7.5 Concrete Design Criteria 
Concrete Structures permanently exposed to water and the splash zone shall be designed in accordance 
with EM 1110-2-2104 or the ACI 350R Concrete Sanitary Engineering Structures and will comply with the 
ACI 318 latest edition strength design method, unless otherwise required. Concrete structures not 
exposed to water, nor harsh environment shall be designed in accordance with ACI-318-14. Typical 
design materials are as follows unless otherwise noted: 

• Structural concrete: 5,000 psi @ 28 days with a maximum water/cement ratio = 0.40; and 

• Steel reinforcement: 60,000 psi (ASTM A615). 

7.6 Steel Design Criteria 
Steel design shall utilize the ETL 1110-2-584 and the AISC Steel Construction Manual, 15th edition. 
Either Allowable Strength Design (ASD) or LRFD design methods are permissible. Typical design 
materials are as follows unless otherwise noted: 

• Structural steel rolled shapes: ASTM 572, Grade 50 or ASTM A992, Grade 50 

• Plates: ASTM A36, Grade 36 

• Bolts and nuts: ASTM A325, min. ¾”  or ASTM A490 

• Anchor Bolts: ASTM F1554, (¾” diameter or greater) 

• Corrosion stainless steel: ASTM A240 (freshwater) or ASTM A316 (saltwater) 

• Sheet Piles: ASTM A572, Grade 50         

• Stainless Steel Embedded Anchors: ASTM A276, Type 316 or Unified Numbering System (UNS) 
S21800 

7.7 Pile Foundation Design Criteria 
All forces applied to the primary concrete structures are resisted by the pile foundation. The pump station 
and floodgate are supported independently and are not designed to transmit load to any adjoining 
structure. Pile designs are based on a soil structure interactive analysis, with the pile supports input as 
springs in accordance with EM 1110-2-2906. Group effects will be applied as required. 
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1.0 Introduction 
This subappendix presents the findings of the feasibility assessment for Rebuild by Design 
Meadowlands Flood Protection Project (the Proposed Project) in Bergen County, New Jersey. The 
following five flood protection alternatives were considered: (1) earth levee; (2) double sheet pile wall; 
(3) flood wall (T-, I- and L-wall); (4) cantilever sheet pile wall; and (5) anchored sheet pile wall. The 
feasibility of deep foundation alternative for the pump station and Forebay were also assessed. 

The Project Area along the proposed line of protection (LOP) was divided into seven Soil Areas based 
on the subsurface conditions and the bedrock elevations. Based on the existing borings, no organic soil 
layer was identified in Soil Areas 1 to 3, while an organic clay or peat layer was found in Soil Areas 4 to 
7. 

The flood protection alternatives were analyzed for flood heights of 2 feet, 4 feet, 6 feet and 8 feet. The 
flood elevation was assumed to be +8 feet (referenced to the North American Vertical Datum of 1988 
[NAVD 88]), and groundwater table elevation was assumed to be +1 feet (NAVD 88). The earth levee 
alternative was considered for all Soil Areas. The 6 feet and 8 feet levees in Soil Areas 4 to 7 will require 
a significantly large volume of existing soils to be replaced by structural fill; therefore, levees with sheet 
piles on both landside and riverside were considered for these cases. In addition, a double sheet pile 
wall was considered for the 6 feet and 8 feet flood height for Soil Areas 4 to 7. 

The flood wall alternative was considered for all Soil Areas. T-walls on shallow foundations are 
recommended for all flood heights for Soil Areas 1 to 3. I-walls are recommended for 2 and 4 feet flood 
height for Soil Areas 4 to 7. T-walls and L-walls on deep foundations are recommended for 6 feet and 8 
feet flood height for Soil Areas 4 to 7. A combination of sheet piles with either driven battered steel piles 
or battered micropiles is recommended as the deep foundation alternatives for the T-walls and L-walls in 
Soil Areas 4 to 7. In addition, the cantilever sheet pile wall alternative for flood heights of 6 feet and 8 
feet was considered for Soil Areas 1 to 3 and 15 feet flood height was considered for Soil Area 2, where 
top of bedrock is  elevation -27 or lower. The cantilever wall with 15 feet flood height in Soil Area 2 is 
only feasible, if there is no overtopping from the flood and the water in the backfill is drained due to 
presence of drainage pipe in the fill layer. As an additional alternative, an anchored sheet pile wall is 
recommended for the 15 feet flood height in Soil Area 2, where the bedrock elevation is higher than -27 
feet. 

Due to the presence of the organic clay/peat layer in Soil Area 6, driven piles or micropiles are 
recommended as deep foundation alternative for the proposed pump station and forebay. The proposed 
pile groups for the pump station and forebay are adequate based on the estimated total axial capacities 
using a group reduction factor and axial capacity of a single H-pile (HP) 16×141 steel pile. 
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2.0 Generalized Subsurface Profiles 
Figure C1-1 presents the location of existing soil borings and the contours of bedrock elevation below 
the sea level on the project area map. The existing soil borings include borings with standard 
penetration test (SPT) N-values from the New Jersey Department of Transportation Soil Borings 
Database and borings without SPT N-values from Joseph S. Ward, Inc. (NJDOT 2016; USACE 1962; 
Scott 1993; The Louis Berger Group 2010; USACE 2010). The bedrock elevation contours are from the 
New Jersey Department of Transportation’s Soil Borings Database (NJDOT 2016) . 

Based on the subsurface conditions and the bedrock elevations, the project area along the proposed 
line of flood protection (LOP) was divided into seven soil areas. In order to characterize the subsurface 
conditions at each soil area, soil profiles were prepared using the boring logs and results of geophysical 
investigations from Earthworks LLC (2007). All boring logs used in this study are included as 
Attachment C1-A. Ground surface elevations were estimated from the ground elevation (NAVD 88) 
contour maps based on the Light Detection and Ranging (LiDAR) survey data obtained from State of 
New Jersey. Likewise, bedrock elevations were estimated from the bedrock elevation contours where no 
data were available from the boring logs (Ward 1962).  

A representative stratification and set of material properties were assigned to each Soil Area after 
carefully examining the soil profiles. No organic soil layer was identified in Soil Areas 1 to 3, while an 
organic clay or peat layer was found in Soil Areas 4 to 7. The material properties were carefully selected 
based on engineering judgement, material descriptions and the limited SPT N-values available from the 
existing boring logs and results of laboratory tests performed on similar soils from a nearby project site 
(AECOM 2016). 
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Figure C1-1: Map Showing Proposed Line of Flood Protection with Existing Boring Location and Bedrock Contours 
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2.1 Soil Area 1 

Soil profile represented by Section 1-1’, shown in Figure C1-2, was used to prepare the representative 
stratification and recommended material properties for Soil Area 1, which are presented in Table C1-1. 
The properties materials were selected based on historical boring with SPT N-values and correlations 
with shear strength. 

 

Figure C1-2: Generalized Subsurface Profile at Section 1 – 1’ 
Table C1-1: Representative Stratification and Recommended Material Properties for Soil Area 1 

Stratum 
No. 

Top 
Elevation 

(ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction Angle, 
ϕ (degree) 

Cohesion, 
c (lb/ft2) 

k=Hydraulic 
Conductivity 

kh=kv 
(cm/sec) 

1 
Ground 
Surface 

Elevation 
0 Fill 110 32 0 1.0 × 10-3  to    

1.0 × 10-4 

2 0 -40 Clay 
and silt 110 

Short 
term 0 1,000 

2.01 × 10-4 to 
2.01 × 10-5 Long 

term 25 100 

3 -40 -55 Glacial 
till 130 36 0 5.02 × 10-4 to 

5.02 × 10-5 

4 -40 to -60 N/A Bedroc
k N/A N/A N/A N/A N/A 

N/A = not applicable. 
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2.2 Soil Area 2 

Soil profile represented by Section 2-2’, shown in Figure C1-3: , was used to prepare the representative 
stratification and recommended material properties for Soil Area 2, which are presented in Table C1-2. 
As shown in Figure C1-3: , Section 2-2’ is located significantly inland from the riverbank and the LOP. 
Thus, the top fill layer was ignored in the stratification for Soil Area 2. The properties material were 
selected based on historical borings classification, engineering judgment, and existing laboratory test 
performed on similar soils from a nearby project site.  

 

Figure C1-3: Generalized Subsurface Profile at Section 2 – 2’ 

Table C1-2: Representative Stratification and Recommended Material Properties for Soil Area 2 

Stratum 
No. 

Top 
Elevation 

(ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction Angle, 
ϕ (degree) 

Cohesion
, c (lb/ft2) 

k=Hydraulic 
Conductivity 

kh=kv 
(cm/sec) 

1 
Ground 
Surface 

Elevation 
-10 Clay 110 

Short 
term 0 500 

1.0 × 10-4 to 1.0 
× 10-5 Long 

term 22 50 

2 -10 -35 Glacial 
till 130 36 0 5.02 × 10-4 to 

5.02 × 10-5 

3 -15 to -40 N/A Bedroc
k N/A N/A N/A N/A N/A 

N/A = not applicable. 
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2.3 Soil Area 3 

Soil profile represented by Section 3-3’, shown in Figure C1-4:, was used to prepare the representative 
stratification and recommended material properties for Soil Area 3, which are presented in Table C1-3. 
As shown in Figure C1-4:, Section 3-3’ is located significantly inland from the riverbank and the LOP. 
Thus, the top fill layer was ignored in the stratification for Soil Area 3. The properties material were 
selected based on historical borings classification, engineering judgment and existing laboratory test 
performed on similar soils from a nearby project site. Figure C1-5:  presents soil profile at Section G-G’ 
obtained from the US Army Corps of Engineers (USACE) (Earthworks, 2007). As shown in Figure C1-5: 
, a portion of Section G-G’ is located in Soil Area 3 and in general, shows similar stratification as Section 
3-3’.  

Figure C1-4: Generalized Subsurface Profile at Section 3 – 3’ 
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Figure C1-5: Generalized Subsurface Profile at Section G – G’ 

 

Table C1-3: Representative Stratification and Recommended Material Properties for Soil Area 3 

Stratum 
No. 

Top 
Elevation 

(ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction Angle, 
ϕ (degree) 

Cohesion
, c (lb/ft2) 

k=Hydraulic 
Conductivity 

kh=kv 
(cm/sec) 

1 
Ground 
Surface 

Elevation 
-70 Clay 

and silt  110 

Short 
term 0 500 

2.01 × 10-4 to 
2.01 × 10-5 Long 

term 25 0 

2 -45 to -70 N/A Bedrock N/A  N/A N/A N/A N/A 

N/A = not applicable. 

2.4 Soil Area 4 

Soil profile represented by Section 4-4’, shown in Figure C1-6: , was used to prepare the representative 
stratification and recommended material properties for Soil Area 4, which are presented in  

Table C1-4: . As shown in Figure C1-6: , Section 4-4’ is located significantly inland from the riverbank 
and the LOP. Thus, the top fill layer was ignored in the stratification for Soil Area 4. The properties 
material were selected based on historical borings classification, engineering judgment and existing 
laboratory test performed on similar soils from a nearby project site.  

As shown in Figure C1-5: , a portion of Section G-G’ is located in Soil Area 4 and in general, shows 
similar stratification as Section 4-4’. 
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Figure C1-6: Generalized Subsurface Profile at Section 4 – 4’ 

 

Table C1-4: Representative Stratification and Recommended Material Properties for Soil Area 4 

Stratum 
No. 

Top 
Elevation 

(ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction Angle, 
ϕ (degree) 

Cohesion, 
c (lb/ft3) 

k=Hydraulic 
Conductivity 

kh=kv  
(cm/sec) 

1 
Ground 
Surface 

Elevation 
-12 Organi

c clay 85 
Short term 0 200 1.0 × 10-4 to 

1.0 × 10-5 Long term 20 0 

2 -12 -65 Clay  110 
Short term 0 300 1.0 × 10-4 to 

1.0 × 10-5 Long term 22 0 

3 -65 -70 Glacial 
till 130 36 0 5.02 × 10-4 to 

5.02 × 10-5 

4 -60 to -75 N/A Bedroc
k N/A N/A N/A N/A N/A 

N/A = not applicable. 



Subappendix C1

 

 

C1-10  |  Final Feasibility Report Version 1   Rebuild by Design Meadowlands Flood Protection Project 
 
 

2.5 Soil Area 5 

Soil profile represented by Section 5-5’, shown in Figure C1-7: , was used to prepare the representative 
stratification and recommended material properties for Soil Area 5, which are presented in Table C1-5. 
The properties material were selected based on historical borings classification, engineering judgment 
and existing laboratory test performed on similar soils from a nearby project site.  

As shown in Figure C1-5: , a portion of Section G-G’ is located in Soil Area 5 and in general, shows 
similar stratification as Section 5-5’. 

 

Figure C1-7: Generalized Subsurface Profile at Section 5 – 5’ 

 

Table C1-5: Representative Stratification and Recommended Material Properties for Soil Area 5 

Stratum 
No. 

Top 
Elevatio

n (ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction Angle, ϕ 
(degree) 

Cohesion
, c (lb/ft2) 

k=Hydraulic 
Conductivity 

kh=kv  
(cm/sec) 

1 
Ground 
Surface 

Elevation 
0 Peat 65 0 200 1.0 × 10-3  to    

1.0 × 10-4 

2 0 -40 Clayey 
silt 110 

Short term 0 300 2.01 × 10-4 to 
2.01 × 10-5 Long term 22 0 

3 -20 to -45 N/A Bedroc
k N/A  N/A N/A N/A N/A 

N/A = not applicable. 

2.6 Soil Area 6 

Soil profile represented by  Section 6-6’, shown in Figure C1-8: , was used to prepare the 
representative stratification and recommended material properties for Soil Area 6, which are presented 
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in Table C1-6. The properties materials were selected based on historical boring with SPT N-values, 
engineering judgment and correlations with shear strength. 

 

Figure C1-8: Generalized Subsurface Profile at Section 6 – 6’ 
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Table C1-6: Representative Stratification and Recommended Material Properties for Soil Area 6 

Stratum 
No. 

Top 
Elevation 

(ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction Angle, 
ϕ (degree) 

Cohesion
, c (lb/ft2) 

k=Hydraulic 
Conductivity 

kh=kv  
(cm/sec) 

1 
Ground 
Surface 

Elevation 
-7 Organic 

clay 85 
Short term 0 200 1.0 × 10-4 to 1.0 

× 10-5 Long term 20 0 

2 -7 -75 Clay 110 
Short term 0 300 1.0 × 10-4 to 1.0 

× 10-5 Long term 22 0 

3 -75 -85 Glacial 
till 130 36 0 5.02 × 10-4 to 

5.02 × 10-5 

4 -75 to -
100 N/A Bedroc

k N/A N/A N/A N/A N/A 

N/A = not applicable. 

2.7 Soil Area 7 

Soil profile at Section 7-7’, shown in Figure C1-9: , was used to prepare the representative stratification 
and recommended material properties for Soil Area 7, which are presented in Table C1-7: . The 
properties material were selected based on historical borings classification, engineering judgment and 
existing  laboratory test performed on similar soils from a nearby project site. 

 

Figure C1-9: Generalized Subsurface Profile at Section 7 – 7’ 
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Table C1-7: Representative Stratification and Recommended Material Properties for Soil Area 7 

Stratum 
No. 

Top 
Elevation 

(ft) 

Bottom 
Elevation 

(ft) 

Mat-
erial 

Unit 
Weight, 
γ (lb/ft3) 

Friction 
Angle, ϕ’ 
(degree) 

Cohesion, 
c’ (lb/ft2) 

k=Hydraulic 
Conductivity 

kh=kv  
(cm/sec) 

1 
Ground 
Surface 

Elevation 
-4 Organic 

clay 85 

Short 
term 0 200 

1.0 × 10-4 to 1.0 
× 10-5 Long 

term 20 0 

2 -4 -140 Clay  110 

Short 
term 0 300 

1.0 × 10-4 to 1.0 
× 10-5 Long 

term 22 0 

3 -140 -245 Glacial 
till 130 36 0 5.02 × 10-4 to 

5.02 × 10-5 

4 - 230 to -
260 N/A Bedrock N/A N/A N/A N/A N/A 

N/A = not applicable. 

3.0 Earth Levee 
The earth levee alternative was considered for all Soil Areas. Prior to the construction of levees, the 
upper soil must be inspected down to 6 feet depth by excavating trenches. If the existing material is not 
suitable for construction, it must be replaced by proper structural fill. Slope stability, seepage, and 
settlement analysis were performed for the levees. 

3.1 Slope Stability and Seepage Analysis 

The slope stability and seepage analyses were performed following the guidelines in USACE, Design 
and Construction of Levees, Engineer Manual (EM) 1110-2-1913 (USACE 2000). The analyses were 
performed for levees with 2.2 feet, 4.4 feet, 6.6 feet and 8.8 feet height (2 feet, 4 feet, 6 feet and 8 feet 
plus settlement) in Soil Areas 1 to 3, and levees with 2.6 feet, 4.9 feet, 7.2 feet and 9.8 feet height (2 
feet, 4 feet, 6 feet and 8 feet plus settlement) in Soil Areas 4 to 7 (see Section 3.2 for settlement 
estimates).  

Construction of levees with 7.2 feet (6 feet plus settlement) and 9.8 feet (8 feet plus settlement) height 
in Soil Areas 4 to 7 will require an excessive volume of existing soils to be replaced by structural fill due 
to the presence of soft/organic material at these Soil Areas based on the historical data. In order to 
avoid this problem, installation of sheet piles on both sides of the levees is recommended. Details of 
sheet pile analyses for lateral load for the 7.2 feet and 9.8 feet levees are presented in Section 3.3.   

Cross-sections of the levees in Soil Areas 1 to 3 and Soil Areas 4 to 7 are presented in Figures C1-10 and 
C1-11, respectively. Underlying soils properties were selected based on material description, engineering 
judgement, SPT N –values from historical boring logs and results of laboratory tests performed on similar 
soils from a nearby project site. A summary of properties of the proposed levee materials and underlying 
soils used in the stability and seepage analyses is presented in Table C1-8. 
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Table C1-8: Properties of Levee Materials and Subsurface Soils 

Material Unit Weight, γ 
(lb/ft3) 

Friction Angle, ϕ 
(deg.) 

Cohesion, 
c (lb/ft2) 

Hydraulic Conductivity, 
k kh=kv(cm/sec) 

Soil Areas 1 to 7 

Levee Fill 120 
Short Term 15 200 

2.01 × 10-5 Long Term 25 50 
Structural Fill 120 N/A 32 0 5.02 × 10-4 

Drain 120 N/A 32 0 1.0 × 10-2 
Soil Areas 1 to 3 

Clay and Silt 110 
Short Term 0 500 

2.01 × 10-4 Long Term 25 0 
Soil Areas 4 to 7 

Organic Clay 85 
Short Term 0 200 

1.0 × 10-4  Long Term 20 0 

Clay 110 
Short Term 0 300 

1.0 × 10-4  Long Term 22 0 
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Figure C1-10: Cross-Section of Levees for Soil Areas 1 to 3 
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Figure C1-11: Cross-Section of Levees for Soil Areas 4 to 7 
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The analyses were performed using the commercially available software GeoStudio 2007 SEEP/W© 
and SLOPE/W© by Geoslope International, Ltd.  Based on the requirements in the USACE guidance for 
the design and construction of levees, the following four loading cases were considered in the analyses 
(USACE, 2000): 

• Case I: End of Construction; 

• Case II: Steady Seepage from Full Flood Stage, fully developed phreatic surface; 

• Case III: Rapid Drawdown from Full Flood Stage; and, 

• Case IV: Seismic Loading, no flood conditions. 

Spencer’s procedure for the method of slices was used to determine the minimum factor of safety (FOS) 
values and the controlling/critical slip surface associated with the FOS values for all four loading cases. 

For Case I stability analysis, groundwater was modeled at elevation +1.0 feet (NAVD 88). Considering 
that Case I is a short-term scenario, undrained strength parameters were used for cohesive soil layers. 

Case II was analyzed at flood level elevation of +8.0 feet (NAVD 88) to estimate the conditions at a full 
flood stage. Seepage analysis was performed for this case to estimate flow and exit gradient 
characteristics and to develop the phreatic surface for use in the stability analyses. 

Case III was performed to estimate the conditions when the water level adjacent to the riverside slope 
lowers rapidly. This case generally has a greater influence on soils with lower permeability since the 
dissipation of pore pressure is slower in these materials. For this case, the phreatic surface was 
conservatively modeled as in Case II while keeping the flood level lowered along the riverside slope to 
the toe. 

Case IV utilizes the pseudo-static slope stability analysis. The piezometric line was modeled the same 
as in Case I. It is standard practice to consider the pseudo-static coefficient as 2/3 of PGA/g. 
Accordingly, a pseudo-static coefficient of 0.16 (2/3×0.25g/g) was estimated based on the national 
ground motion maps from the American Association of State Highway and Transportation Officials 
(AASHTO) (2014), LRFD Bridge Design Specifications for approximate return period of 1,000 years and 
used in the analysis(AASHTO 2014).   

A summary of the calculated FOS and the corresponding required minimum FOS values are listed in 
Table C1-9, which indicates that the calculated FOS values fulfil the minimum requirements. The details 
of all stability and seepage analysis results from GeoStudio are included as Attachment C1-B. 
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Table C1-9: Results of the Slope Stability Analysis for Levees 

Soil 
Areas Analysis Case 

Required 
Minimum 
Factor of 

Safety 

Calculated Factor of Safety 
2.2 ft 
Levee 

4.4 ft 
Levee 

6.6 ft 
Levee 

8.8 ft 
Levee 

1 to 3 
Case I: End of Construction 1.3 4.1 3.2 2.8 2.0 

Case II: Steady State - Full Flood Stage 1.4 2.1 1.7 1.6 1.5 
Case III: Rapid Drawdown 1.2 2.3 1.6 1.4 1.2 

Case IV: Seismic Load 1.0 1.8 1.5 1.2 1.0 

   2.6 ft 
Levee 

4.9 ft 
Levee 

7.2 ft 
Levee

* 

9.8 ft 
Levee

* 

4 to 7 

Case I: End of Construction 1.3 3.1 1.8 1.8 1.4 
Case II: Steady State - Full Flood Stage 1.4 1.4 1.4 1.7 1.5 

Case III: Rapid Drawdown 1.2 1.5 1.5 1.5 1.3 
Case IV: Seismic Load 1.0 1.5 1.3 1.0 1.0 

*Without considering sheet piles (factor of safety will increase if sheet piles are considered) 

The maximum exit gradient and flow rate for the steady state seepage at full flood stage, are presented in 
Table C1-10. The estimated maximum exit gradients are lower than the allowable critical gradients, typically 
0.5 to 0.8, according to the USACE guidance for the design and construction of levees (USACE 2000).   

Table C1-10: Results of the Steady State Seepage Analysis for Levees 

Soil 
Areas Criteria 2.2 ft 

Levee 
4.4 ft 
Levee 6.6 ft Levee 8.8 ft Levee 

1 to 3 
Maximum Exit Gradient 0.06 0.12 0.16 0.20 
Flow Rate (gal/day/ft) 8.7 15.5 20.4 26.5 

  2.6 ft 
Levee 

4.9 ft 
Levee 7.2 ft Levee* 9.8 ft Levee* 

4 to 7 
Maximum Exit Gradient 0.04 0.08 0.11 0.12 
Flow Rate (gal/day/ft) 4.8 9.3 12.7 14.3 

*Without considering sheet piles (exit gradient and flow rate will decrease if sheet piles are considered) 

3.2 Consolidation Settlement 

The primary and secondary consolidation settlement of the cohesive (clayey) soil layers below the 
structural fill were calculated according to the general guidelines in the USACE guidance for the design 
and construction of levees (USACE 2000). Details of the primary and secondary consolidation 
settlement calculations for levees are provided in Attachment C1-C. A summary of the settlement 
estimates is presented in Table C1-11. 

In the settlement analysis, the compressible soil layers were divided into sub-layers of 2 feet 
thicknesses for obtaining better accuracy of calculations. Increase in vertical stresses at the mid depth 
of each sub-layer due to the weight of levee was calculated using the elastic stress distribution methods 
outlined in the Principles of Geotechnical Engineering (Das 2006). 
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Table C1-11: Results of the Consolidation Settlement Analysis for Levees 

Soil Areas Criteria 
Settlement (ft=feet) 

2.2 ft Levee 4.4 ft 
Levee 

6.6 ft 
Levee 8.8 ft Levee 

1 to 3 
Primary Consolidation 0.083 0.250 0.50 0.583 

Secondary Consolidation 0.166 0.166 0.166 0.166 
Total 0.25 0.416 0.666 0.750 

  2.6 ft Levee 4.9 ft 
Levee 

7.2 ft 
Levee 9.8 ft Levee 

4 to 7 
Primary Consolidation 0.416 0.750 1.00 1.66 

Secondary Consolidation 0.166 0.166 0.166 0.166 
Total 0.583 0.916 1.166 1.833 

 

The primary consolidation parameters (e.g., initial void ratio and compression index for the clay and silt 
layer and the clay layer) were assumed from the results of consolidation tests performed on similar soils 
from a nearby sites (AECOM 2016). The primary consolidation parameters for the organic clay layer 
were assumed from the results of consolidation test performed on organic soil from a nearby site 
reported in the USACE General Design Memorandum (1995), Passaic River Flood Damage Reduction 
(USACE 1995). All three clayey soil layers were assumed to be normally consolidated. 

Secondary consolidation parameters for the organic clay, clay and silt, and clay layers were assumed 
from the results of consolidation tests performed on similar soils from the nearby sites (AECOM 2016). 
Secondary consolidation settlement was calculated for a 50-year period after the construction of the 
levees. 

3.3 Sheet Pile Analysis 

Lateral loads on the sheet piles for the 7.2 and 9.8 feet levees in Soil Areas 4 to 7 were analyzed using 
the commercially available software Shoring Suite V8 by CivilTech Software. Wedge analysis (Culmann) 
method was used to estimate the active and passive earth pressures acting on the sheet piles. For each 
levee, the horizontal line force acting on the sheet pile was determined from the critical slice information 
from the slope stability analysis described in Section 3.1. Output from Shoring Suite is included as 
Attachment C1-D. A summary of the results of the sheet pile analysis are presented in Table C1-12.  

Table C1-12: Results of the Sheet Pile Analysis for 7.2 and 9.8 feet Levees in Soil Areas 4 to 7 

Levee 
Height (ft) 

Sheet Pile 
Type 

Required 
Minimum Pile 

Length (ft) 

Required 
Minimum Section 
Modulus (in3/ft) 

Pile Section 
Modulus 

(in3/ft) 

Pile Top 
Deflection 

(in) 
7.2 AZ17 33 27.0 31.0 1.46 

9.8 AZ19 36 34.0 36.1 2.23 
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4.0 Double Sheet Pile Wall 
As an alternative to the levee or floodwall with sheet piles for 6 and 8 feet flood height in Soil Areas 4 to 
7, a double sheet pile wall was considered. A double sheet pile wall structure consists of two steel sheet 
piles with tops connected by struts and the space between the sheet piles filled with sand. No surcharge 
load was considered for the design; therefore, there will be not vehicle access to the top of wall. Cross-
sections of the 6 feet and 8 feet double sheet pile walls with maximum 10 feet spacing are presented in 
Figures C1-12 and C1-13, respectively.  

The double sheet pile walls were analyzed using the commercially available software PYWall by Ensoft, 
Inc. Long-term (drained) soil properties of the organic clay and clay layers were conservatively (higher 
active pressure on wall) used for the analysis. The following four loading cases were considered: 1) no 
flood condition; 2) full flood stage; 3) rapid drawdown from full flood stage; and 4) seismic loading. 

A summary of the results of the PYWall analysis is presented in Table C1-13. The analysis indicates 
that minimum section sizes of AZ19 and AZ26 are required for 6 feet and 8 feet double sheet pile walls, 
respectively. Plots of lateral defection, bending moment and shear force with depths of sheet piles are 
included as Attachment C1-E. As shown in Attachment C1-E, lateral deflection at the bottom of the 
sheet piles is almost zero for all cases. Output from PYWall analysis for 8 feet double sheet pile wall in 
Soil Area 4 is included as Attachment C1-F. 

Considering that the exit gradient and flow rate for the I-wall and T-wall alternatives with much shorter 
sheet piles (see Sections 5.2.2 and 5.2.3) were within acceptable limits, seepage is not a likely concern 
for the double sheet pile walls. 

Table C1-13: Results of the Double Sheet Pile Wall Analysis for Soil Areas 4 to 7 

Analysis Case 
Wall 

Height 
(ft) 

Sheet 
Pile 

Section 

Sheet 
Pile 

Length 
(ft) 

Allowable 
Moment 

Capacity (kip-
in) 

Maximum 
Deflection 

(in) 

Maximum 
Moment 
(kip-in) 

No Flood Condition 

6 AZ19 30 3,996 

0.03 265 
Full Flood Stage 0.28 312 
Rapid Drawdown 0.03 124 

Seismic Load 0.40 345 
No Flood Condition 

8 AZ26 35 5,558 

0.08 428 
Full Flood Stage 0.52 648 
Rapid Drawdown 0.04 200 

Seismic Load 0.77 620 
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Figure C1-12: Cross-section of 6 ft Double Sheet Pile Wall for Soil Areas 4 to 7 

 
Figure C1-23: Cross-section of 8 ft Double Sheet Pile Wall for Soil Areas 4 to 7 
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5.0 Flood Wall 
The floodwall alternative was considered for all Soil Areas. For Soil Areas 1 to 3 the shallow foundations 
were considered due to present of suitable material based on the historical borings. However, the upper 
6 feet of soil must be inspected prior to construction. For Soil Areas 4-7 deep foundations were 
considered due to the presence of unsuitable material such as organics and peats. Therefore, a 
floodwall with deep foundation system is required for these areas. 

5.1 Soil Areas 1 to 3 

T-walls on shallow foundations were considered for all wall heights for Soil Areas 1 to 3. Prior to the 
construction of the T-walls on shallow foundations, the upper soil layer must be inspected down to 6 feet 
depth by excavating trenches. If the existing material is not suitable for construction, it must be replaced 
by proper structural fill. Bearing capacity, consolidation settlement and seepage analysis were 
performed for the T-walls. Further analysis for sliding, overturning and global stability of the T-walls is 
performed in the structural calculations. 

5.1.1 Bearing Capacity 

Bearing capacities were calculated following guidelines in the USACE, Retaining the Flood Walls, EM 1110-
2-250 (USACE 1989). A factor of safety of 3 was used to calculate the allowable bearing capacities. For all 
cases, the depth from the soil surface to the base of floodwall was assumed to be 3.5 feet or 4 feet. Cross 
sections of the T-walls are presented in Figures C1-14 to C1-17.  

Details of bearing capacity calculations for floodwalls are included as Attachment C1-G. A plot of allowable 
bearing capacities versus base width is presented in Figure C1-18. As shown in Figure C1-18,bearing 
capacities vary from 1.0 vary from 1.0 to 1.2 kip per feet squared in Soil Area 1, and from 0.5 to 0.6 kip 
per feet squared in Soil Areas 2 and 3. 

  

 

 

 

 

 

 

 

 

 

 

Figure C1-14: Cross-Section of 2 ft Flood Wall for Soil Areas 1 to 3 
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Figure C1-25: Cross-Section of 2 ft Flood Wall for Soil Areas 1 to 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C1-36: Cross-Section of 6 ft Flood Wall for Soil Areas 1 to 3 
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Figure C1-47: Cross-Section of 8 ft Flood Wall for Soil Areas 1 to 3 

 

Figure C1-58: Variation of Allowable Bearing Capacities with Base Width of Flood Walls for Soil 
Areas 1 to 3 
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5.1.2 Consolidation Settlement 

The primary and secondary consolidation settlement of the cohesive (clayey) soil layers below the T-
walls were calculated following the guidelines in USACE, Settlement Analysis, EM 1110-1-1904 (USACE 
1990). The elevations of wall top and groundwater table were assumed +8 feet and +1feet, respectively. 
Based on the generalized subsurface profiles described in Section 2.0, thickness of the clayey layer in 
Soil Area 3 is 70  , which is greater than 40 feet in Soil Area 1 and 10 feet in Soil Area 2. Therefore, Soil 
Area 3 was conservatively selected for the settlement calculations. Details of the primary consolidation 
settlement calculations for flood walls are provided in Attachment C1-H. 

The primary consolidation parameters (e.g., the initial void ratio and compression index) for the clay and 
silt layer were assumed from the results of consolidation tests on similar soils from a nearby site 
(AECOM 2016). The compressible soil layers were divided into sub-layers of 2 feet thicknesses for 
obtaining better accuracy of calculations. Stress distribution below the footing for uniform strip load was 
calculated using the method outlined in Naval Facilities Engineering Command, Soil Mechanics Design 
Manual, DM 7.01 (NAVFAC 1986). A summary of the settlement estimates are presented in Table 
C1-14.  

Table C1-14: Results of the Primary Consolidation Settlement Analysis for                                             
T-walls in Soil Areas 1 to 3 

Wall Height (ft) Base Width of Wall 
(ft) 

Settlement 
(in) 

2 2.5 1.1 
4 4.0 1.7 
6 8.0 2.6 
8 12.0 3.0 

 

5.1.3 Seepage Analysis 

Steady state seepage analysis at full flood stage was performed for T-walls with 2, 4, 6 and 8 ft flood 
height in Soil Areas 1 to 3 using GeoStudio SEEP/W© and following the guidelines in the USACE 
guidance on designs for retaining and flood walls (USACE, 1995). As indicated in Section 2.0, hydraulic 
conductivity of the top layer in Soil Area 3 is higher than the top layers in Soil Areas 2 and 3. Thus, Soil 
Area 3 was conservatively selected for the seepage analysis. Results of the seepage analysis are 
included as Attachment C1-I. The maximum exit gradient and flow rate for the T-walls at full flood stage 
are presented in Table C1-15. The estimated maximum exit gradients are lower than the allowable 
critical gradients, typically 0.5 to 0.8 (USACE 1989). 

Table C1-15: Results of the Steady State Seepage Analysis for T-walls in Soil Areas 1 to 3 

Flood Height 
(ft) 

Maximum Exit 
Gradient 

Flow Rate 
(gal/day/ft) 

2 0.12 8 
4 0.23 19 
6 0.25 23 
8 0.28 27 
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5.2 Soil Areas 4 to 7 

I-walls were considered for 2 and 4 feet flood height for Soil Areas 4 to 7. T- and L-walls with sheet piles 
and driven battered steel piles or battered micropiles were considered for 6 and 8 feet flood height for 
Soil Areas 4 to 7. 

5.2.1 I-wall 

Lateral load and seepage analysis were performed for the I-walls.  

5.2.1.1 Sheet Pile Analysis 

I-walls were analyzed using PYWall. Long-term (drained) soil properties of the organic clay and clay 
layers were conservatively (higher active pressure on wall) used for the analysis. Since I-walls can have 
a maximum free height of 5 feet, only 2 and 5 feet high I-walls were considered (USACE 1989). A 
summary of I-wall analysis results for Soil Areas 4 to 7 are presented in Table C1-16: .  

Considering a maximum allowable lateral deflection of 1 in at the top and approximately zero inches of 
deflection at the tip of the wall, AZ12 is recommended for the sheet piles. A minimum sheet pile length of 
the free height of the wall plus 10 feet is recommended. Plots of lateral defection, bending moment and 
shear force with depths of sheet piles are included as Attachment C1-J. Output from PYWall analysis 
for the 2 feet I-wall in Soil Area 4 is provided in Attachment C1-K. 

 

Table C1-16: Results of the Sheet Pile Analysis for I-walls in Soil Areas 4 to 7 

Soil 
Area 

Sheet 
Pile 

Section 

Allowable 
Moment 
Capacity 
(kip-in) 

2 ft Wall 5 ft Wall 

Sheet 
Pile 

Length 
(ft) 

Maximum 
Deflection 

(in) 

Maximu
m 

Moment 
(kip-in) 

Sheet 
Pile 

Length 
(ft) 

Maximum 
Deflection 

(in) 

Maximum 
Moment 
(kip-in) 

4 AZ12 1,934 14 0.039 33 20 0.25 256 

5 AZ12 1,934 14 0.035 32.5 20 0.22 248 

6 AZ12 1,934 14 0.036 34 20 0.24 264 

7 AZ12 1,934 14 0.038 34 20 0.24 256 

 

5.2.1.2 Seepage Analysis 

Steady state seepage analysis at full flood stage was performed for 2 and 4 feet I-walls in Soil Areas 4 
to 7 using GeoStudio SEEP/W© and following the guidelines in USACE guidance on retaining and flood 
walls (USACE 1989). Results of the seepage analysis are in Attachment C1-L.  

The maximum exit gradient and flow rate for the I-walls at full flood stage are presented in Table C1-17. 
The estimated maximum exit gradients are lower than the allowable critical gradients, typically 0.5 to 0.8 
(USACE 1989). 
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Table C1-17: Results of the Steady State Seepage Analysis for I-walls in Soil Areas 4 to 7 

Parameter Soil Area 2 ft I-wall 4 ft I-wall 

Maximum Exit Gradient 

4 0.07 0.11 

5 0.05 0.10 

6 0.07 0.11 

7 0.07 0.12 

Flow Rate (gal/day/ft) 

4 2.7 4.8 

5 2.8 5.2 

6 2.6 4.8 

7 2.6 5.1 
 

5.2.2 T-wall 

Seepage and pile load analysis were performed for the T-walls with sheet piles and deep foundations. 
Unlike the I-walls, sheet piles in T-walls were used only for seepage control. Thus, no load analysis for 
the sheet piles is necessary. 

5.2.2.1 Seepage Analysis 

Steady state seepage analysis at full flood stage was performed for 6 and 8 feet T-walls in Soil Areas 4 
to 7 following the same procedure used for I-walls. Cross sections of the 6 and 8 feet T-walls are 
presented in Figures C1-19 and C1-20, respectively. 

The seepage analysis results are provided as Attachment C1-M. The required minimum sheet pile 
lengths for T-walls based on the seepage analysis are presented in Table C1-18. To avoid any possible 
drivability issues, a minimum section size of AZ12 is recommended for the sheet piles. 

Table C1-18: Required Minimum Sheet Pile Lengths for T-walls in Soil Areas 4 to 7 

Soil Area Sheet Pile 
Section 

Sheet Pile Length (ft) 
6-ft Wall 8-ft Wall 

4 AZ12 12 10 
5 AZ12 10 10 
6 AZ12 10 10 
7 AZ12 10 10 

 

The maximum exit gradient and flow rate for the T-walls with sheet piles at full flood stage are presented 
in Table C1-19. The estimated maximum exit gradients are lower than the allowable critical gradients of 
0.5 to 0.8 (USACE 1989). 
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Table C1-19: Results of the Steady State Seepage Analysis for T-walls in Soil Areas 4 to 7 

Parameter Soil Area 
T-wall 

6 ft I-wall 8 ft I-wall 

Maximum Exit Gradient 

4 0.12 0.18 
5 0.19 0.18 
6 0.13 0.18 
7 0.13 0.18 

Flow Rate (gal/day/ft) 

4 6.1 8.8 
5 9.6 13.4 
6 6.6 8.8 
7 6.6 8.8 

 

 

Figure C1-69: Cross-section of 6 feet T-wall for Soil Areas 4 to 7 
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Figure C1-7: Cross-section of 8 feet T-wall for Soil Areas 4 to 7 

5.2.2.2 Pile Group Analysis 

Pile group analyses were performed for the driven battered steel piles and the battered micropiles for 6 
and 8 feet T-walls in Soil Areas 4 to 7 using the commercially available software GROUP v2016 by 
Ensoft, Inc. A batter slope corresponding to three vertical units to one horizontal unit (3V:1H) was used 
for both the driven piles and the micropiles. Pile spacing was assumed to be 10 feet in the longitudinal 
direction of the T-walls. A 6 feet by 10 feet and an 8 feet by 10 feet pile cap with 2 batter piles (one on 
the landside and another on the riverside of the T-wall) were considered for the 6 and 8 feet T-walls, 
respectively. Pile size and length were selected based on the results of the pile axial capacity analysis 
(see Section 5.2.4). 

The vertical loads on the pile cap consisted of weight of the concrete wall, weight of the compacted soil, 
water weight and buoyancy. The lateral load consisted of horizontal water pressure from the flood side. 
Moment was caused by water pressure from the flood side and buoyancy. Horizontal water pressure 
from the landside was conservatively ignored in the lateral load and moment calculation. The results 
from the GROUP analysis for T-walls are presented in Table C1-20. Output from GROUP analysis for 
the 8 feet T-wall in Soil Areas 4 to 7 is included as Attachment C1-N.  
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Table C1-20: Results of the Pile Group Analysis for the Driven Battered Steel Piles and Battered 
Micropiles for T-walls in Soil Areas 4 to 7 

Pile Type 
Flood 
Height 

(ft) 

Pile 
Length 

(ft) 

Pile 
No. 

Compression 
(kip) 

Tension 
(kip) 

Moment 
(kip-in) 

Shear 
(kip-
in) 

Deflection 
(in) 

HP 14 × 
73 Steel 

Pile 

6 50 
1* 22 - 870 9 0.16 
2* - 1.1 882 9 0.16 

8 60 
1 31 - 1,455 14 0.30 
2 - 6 1,468 14 0.31 

11.875 in 
OD 

Micropile 

6 30 
1 21 - 834 10 0.32 
2 - 0.6 853 10 0.34 

8 35 
1 30 - 1,417 14 0.61 
2 - 5 1,436 14 0.63 

*Piles No. 1 and 2 are on the riverside and landside of the T-wall, respectively. 

5.2.3 L-wall 

L-walls with sheet piles supported by driven battered (5V:2H) steel piles or battered (5V:2H) micropiles 
for 6 and 8 ft flood height were analyzed using PYWall. Cross sections of the 6 and 8 ft L-walls are 
presented in Figures C1-21 and C1-22, respectively. 

Long-term (drained) soil properties of the organic clay and clay layers were conservatively (higher active 
pressure on wall) used for the analysis. The supporting piles were modeled as lateral springs in PYWall 
to estimate the compression in piles.  

A summary of the results of the L-wall analysis are presented in  

 

 

 

Table C1-21. Size and length of the supporting piles were selected based on the results of the pile axial 
capacity analysis (see Section 5.2.4). Plots of lateral defection, bending moment and shear force with 
depths of sheet piles are provided as Attachment C1-O. As shown in Attachment C1-O, lateral 
deflection at the bottom of the sheet piles is approximately zero for all cases. Output from PYWall 
analysis for 6 feet L-wall is shown in Attachment C1-P. 

Considering a maximum lateral deflection of 1 in at the top and approximately zero deflection at the tip 
of the wall, AZ14 section with minimum sheet pile length of 30 and 35 feet are recommended for the 6 
and 8 feet walls, respectively. Seepage analysis for L-walls is not necessary considering that the exit 
gradient and flow rate for the I- and T-wall alternatives with much shorter sheet piles are within 
acceptable limits. 
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Table C1-21: Results of the Analysis for L-walls in Soil Areas 4 to 7 

Flood 
Height 

(ft) 

Sheet 
Pile 

Section 

Sheet 
Pile 

Lengt
h 

(ft) 

Allowable 
Moment 
Capacity 
of Sheet 

Pile 
(kip-in) 

Supporting 
Batter 

(5V:2H) Pile 
Type 

Supporting 
Pile 

Length (ft) 

Compressio
n in 

Supporting 
Pile (kip) 

Maximum 
Deflection 
in Sheet 

Pile 
(in) 

Maximum 
Moment in 
Sheet Pile 

(kip-in) 

6 AZ14 30 3,183 

HP14×73 
Steel Pile 50 26 0.10 306 

11.875 in 
OD 

Micropile 
40 25 0.10 306 

8 AZ14 35 3,183 

HP16×141 
Steel Pile 67 45 0.22 578 

11.875 in 
OD 

Micropile 
55 43 0.24 577 

 
Figure C1-21: Cross-section of 6 feet L-wall for Soil Areas 4 to 7 
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Figure C1-22: Cross-section of 8 feet L-wall for Soil Areas 4 to 7 

5.2.4 Pile Axial Capacity 

Axial capacity analyses were performed for driven friction piles and end bearing piles on rock, and 
micropiles. As mentioned in Sections 5.2.2 and 5.2.3, the required minimum lengths of driven piles for 
T- and L-walls in Soil Areas 4 to 7 vary from 50 to 67 feet. Thus, friction piles will be applicable in Soil 
Areas 4, 6 and 7, where the average depth to bedrock is greater than the required minimum pile 
lengths. However, the average depth to bedrock in Soil Area 5 is approximately 45 feet and hence, 
friction piles are not feasible. Instead, end bearing pile on rock will likely be applicable for Soil Area 5.  

For all piles, the estimated structural capacities of the steel piles are significantly higher than the 
geotechnical capacities. Thus, the geotechnical capacities will govern for all cases. 

5.2.4.1 Friction Piles 

The geotechnical compression and tension capacities of battered HP14×73 and HP16×141 steel friction 
piles in Soil Areas 4, 6 and 7 were estimated using APILE according to the procedures outlined in the 
USACE, Design of Pile Foundations, EM 1110-2-2906 (USACE 1991). Soil Area 4 was conservatively 
(greater thickness of clayey layer than other Soil Areas) selected as the representative subsurface 
profile for the analysis.  

Any skin friction from the organic clay layer was ignored. Self-weight of the pile was considered in the 
tension capacity estimate. A minimum factor of safety of 2.0 for compression and 3.0 for tension were 
used, assuming that the compression capacity will be verified by pile load test. Plots of the ultimate axial 
compression and tension capacities versus length of friction piles are provided as Attachment C1-Q. An 
APILE output file is provided in Attachment C1-R. The compression and tension capacities of various 
lengths of friction piles are presented in Table C1-22. 
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Table C1-22: Summary of Axial Capacities of Battered Friction Piles in Soil Areas 4, 6 and 7 

Pile Type 
Pile 

Length 
(ft) 

Skin 
Friction 

(kip) 

End 
Bearin
g (kip) 

Ultimate 
Compression 
Capacity (kip) 

Allowable 
Compression 
Capacity (kip) 

Self-
Weigh
t (kip) 

Ultimate 
Tension 
Capacit
y (kip) 

Allowable 
Tension 
Capacity 

(kip) 

HP14×7
3 50 47 4 51 26 3 50 17 

HP14×7
3 60 61 4 65 32 4 65 22 

HP16×1
41 67 85 5 90 45 5 90 31 

 

5.2.4.2 End Bearing Piles on Rock 

The geotechnical compression capacity of battered HP14×73 and HP16×141 steel end bearing piles on 
rock in Soil Area 5 was estimated according to the method outlined in Braja M. Das (2007), Principles of 
Foundation Engineering (Das 2006). For the compression capacity estimates, full contact between the 
pile tip and bedrock was assumed and skin friction was ignored. The geotechnical tension capacity of 
the end bearing pile was estimated using the same procedure used for the friction pile.  

The unconfined compression strength (qu) and the drained friction angle (ϕ’) of rock were obtained from 
the results of a laboratory unconfined compression test performed on a sample of similar bedrock 
(siltstone/shale) from a nearby site reported in the AECOM Geotechnical Report (2007), Route 120 SB 
Flyover over Route 3 and South Service Road Roadways and Structures (AECOM 2006). A minimum 
factor of safety of 2.0 for compression and 3.0 for tension were used, assuming that the compression 
capacity will be verified by a pile load test. 

Details of the compression capacity calculation are provided in Attachment C1-S. Allowable 
compression capacity of 200 kip for the end bearing pile on rock is recommended. The compression 
and tension capacities of the end bearing piles in Soil Area 5 are presented in Table C1-23. 

Table C1-23: Summary of Axial Capacities of Battered Steel End Bearing Piles on Rock in Soil 
Area 5 

Pile 
Type 

Pile 
Length 

(ft) 

Ultimate 
Compression 
Capacity (kip) 

Allowable 
Compression 
Capacity (kip) 

Skin 
Friction 

(kip) 

Self-
Weigh
t (kip) 

Ultimate 
Tension 
Capacity 

(kip) 

Allowable 
Tension 
Capacity 

(kip) 

HP14×73 44 400 200 48 3 51 17 

HP16×14
1 44 400 200 48 3 51 17 
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5.2.4.3 Micropiles 

The compression and tension capacities of battered micropiles in Soil Areas 4 to 7 were estimated 
based on the methods and specifications outlined in the 2015 International Building Code, New Jersey 
Edition (International Code Council, 2015).  

Piles were assumed to have an 11.875 inch outside diameter (OD) steel casing and one #10 reinforcing 
bar. The minimum length of steel casing is assumed 15 feet, matching the average thickness of the 
organic clay layer in Soil Areas 4 to 7. Bond zone diameter of the micropile was assumed to be 11.5 
inches. An allowable grout-to-soil bond strength of 5 and 3 psi were assumed for compression and 
tension, respectively.  

Details of the micropile axial capacity calculations are provided in Attachment C1-T. The allowable 
compression and tension capacities are presented in Table C1-24. 

Table C1-24: Summary of Axial Capacities of Battered Micropiles with 11.875 inch OD Casing and 1 
- #10 Rebar for Soil Areas 4 to 7 

Wall 
Type 

Cased 
Length 

(ft) 

Batter 
Slope 

Bond 
Length 

(ft) 

Total 
Length 

(ft) 

Allowable 
Compression 

Capacity 
(kip) 

Allowable 
Tensile 

Capacity 
(kip) 

T-wall 15 3V:1H 
15 30 32 19 

20 35 44 26 

L-wall 15 5V:2H 
25 40 54 32 

40 55 86 44 
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6.0 Cantilever Sheet Pile Wall 
Cantilever sheet pile wall was considered as an additional alternative for 6 feet and 8 feet flood heights 
for Soil Areas 1 to 3 and 15 feet flood height in Soil Area 2, where the bedrock elevation is at -27.0 feet 
(NAVD 88) or lower. Cross sections of the 6 feet, 8 feet, and 15 feet cantilever sheet pile walls are 
presented in Figures C1-23 to C1-25, respectively.  

The cantilever sheet pile walls were analyzed using the commercially available software PYWall by 
Ensoft, Inc. For these analyses it was assumed that no overtopping from the flood and the water in the 
backfill is drained due to presence of drainage pipe in the fill layer. Therefore, analyses were performed 
for two cases - 1) no flood/drained condition, and 2) no flood and seismic loading,  with assumed water 
levels at flood and backfill side at elevation 0.00 feet. Long-term (drained) soil properties of the clay 
layer were conservatively (higher active pressure on wall) used for the analysis. In addition, a 250 
pound per square foot (psf) surcharge load was applied on the backfill side to account for vehicular 
traffic. For the 15 feet cantilever sheet pile wall, the grouted portion was considered in the analyses with 
assuming 24 inch thick, covering entire width of the sheet piles.  

A summary of the results of the PYWall analyses is presented in Tables C1-25 and C1-26. Plots of 
lateral defection, bending moment and shear force with respect to depth of sheet piles are provided in 
Attachment C1-U. As shown in Attachment C1-U, lateral deflection at the bottom of the sheet piles is 
almost zero for all cases. Output from PYWall analysis for 15 feet cantilever sheet pile walls in Soil Area 
2 is provided in Attachment C1-V.  

Considering that the exit gradient and flow rate for the I-wall and T-wall alternatives with much shorter 
sheet piles (see Sections 5.2.2 and 5.2.3) were within acceptable limits, seepage is not a concern for 
the cantilever sheet pile walls.  

The grouting will be performed by pre auguring procedure and tremie pipes will be attached to the sheet 
piles on both sides that pressure non shrink grout will be injected through. Or a slurry method will be 
used to form a trench 2 feet wide filled with concrete/grout around the sheet piles. 

Table C1-25: Results of the Cantilever Sheet Pile Wall Analysis for Soil Areas 1 to 3 

Analysis Case 
Wall 

height 
(ft) 

Sheet 
Pile 

Section 

Sheet Pile 
Length 

(ft) 

Allowable 
Moment 

Capacity (kip-
in) 

Maximum 
Deflection 

(in) 

Maximum 
Moment 
(kip-in) 

No Flood or Drained 6 AZ12 37 1,934 0.41 400 

No Flood and Seismic 6 AZ12 37 1,934 0.44 440 

No Flood or Drained 8 AZ12 39 1,934 1.1 900 

No Flood and Seismic 8 AZ12 39 1,934 1.2 1020 
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Table C1-26: Results of the Cantilever Sheet Pile Wall Analysis for Soil Area 2 

Analysis Case Grouted Sheet Pile 
Section 

Sheet Pile 
Length (ft) 

Allowable 
Moment 

Capacity (kip-
in) 

Maximum 
Deflection 

(in) 

Maximum 
Moment 
(kip-in) 

No Flood or Drained No AZ25 35 4,028 1.78 3333 

No Flood and Seismic No AZ25 35 4,028 2.2 3700 

No Flood or Drained Yes AZ25 35 4,028 0.79 3320 

No Flood and Seismic Yes AZ25 35 4,028 0.96 3920 

 

 

Figure C1-23: Cross-section of 6 feet Cantilever Sheet Pile Wall for Soil Areas 1 to 3 
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Figure C1-24: Cross-section of 8 feet Cantilever Sheet Pile Wall for Soil Areas 1 to 3 

 
Figure C1-25: Cross-section of 15 feet Cantilever Sheet Pile Wall for Soil Area 2 
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7.0 Anchored Sheet Pile Wall 
Anchored sheet pile wall was considered as an alternative to 15 feet flood height in Soil Area 2, where 
the bedrock is higher than elevation -27.0 feet (NAVD 88).  A cross section of the 15 feet anchored 
sheet pile wall is presented in Figure C1C1-26.  

The anchored sheet pile wall structure consists of a steel sheet pile wall supported by 25 foot long 
grouted steel anchors, located 5 feet below the top of the wall spaced at 10 feet intervals. This wall was 
analyzed using the commercially available software PYWall by Ensoft, Inc. It was assumed that no flood 
overtopping occurs and water in the backfill is drained due to the presence of drainage pipes in the fill 
layer. Therefore, analyses were performed for two cases - 1) no flood/drained condition, and 2) no flood 
and seismic loading, with water levels at flood and backfill side at elevation 0.00 feet. Long-term 
(drained) soil properties of the clay layer were conservatively (higher active pressure on wall) used for 
the analysis. In addition, 250 psf surcharge load was applied on the backfill side to account for vehicular 
traffic.  

A summary of the results of the PYWall analysis is presented in Table C1-27. Plots of lateral defection, 
bending moment and shear force with depths of sheet piles are provided in Attachment C1-W. As 
shown in Attachment C1-W, lateral deflection at the bottom of the sheet piles is almost zero for all 
cases. Output from PYWall analysis is provided in Attachment C1-X.  

Considering that the exit gradient and flow rate for the I-wall and T-wall alternatives with much shorter 
sheet piles (see Sections 5.2.2 and 5.2.3) were within acceptable limits, seepage is not a concern for 
the anchored sheet pile wall. 

Table C1-27: Results of the Anchored Sheet Pile Wall Analysis for Soil Areas 1 to 3 

Analysis Case 
Sheet 
Pile 

Section 

Sheet Pile 
Length 

(ft) 

Allowable 
Moment 

Capacity (kip-
in) 

Maximum 
Deflection 

(in) 

Maximum 
Moment 
(kip-in) 

No Flood or Drained AZ25 40 4,028 0.13 410 

No Flood and 
Seismic AZ25 40 4,028 0.15 400 
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Figure C1C1-26: Cross-section of 15 feet Anchored Sheet Pile Wall for Soil Area 2
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8.0 Foundation Systems 
A deep foundation alternative (such as driven piles and micropiles) was considered for the East River 
Ditch pump station and forebay in Soil Area 6. The details of the proposed deep foundation system are 
discussed in the following sections. 

8.1 Pile Foundation for Pump Station 

A conceptual design of a deep foundation system for the proposed pump station in Soil Area 6 was 
performed by HDR based on the results of pile capacity analyses presented in the Geotechnical 
Engineering Memorandum dated February, 2017 (Geotechnical Engineering Memo 2017). The total 
axial load on the pile cap was estimated as the weight of the pump station plus an additional 15 percent 
axial load to account for any lateral forces on the pile cap due to the pumping operation. The weight of 
the pump station was determined based on the sum of weights of the following: the screw pump, water 
in the screw pump, the building, the concrete intake, the concrete pump base slab, and the discharge 
channel/spillway.  

The conceptual deep foundation layout consists of 212 HP 16×141 steel piles with lengths of 65 feet 
and a center-to-center spacing of 6 feet. As recommended in the 2017 Geotechnical Memorandum [18], 
the allowable compression capacity of a single HP 16×141 pile is 45 kips. Since the spacing to diameter 
ratio is 4.5 (6 feet / 16 inch), a group reduction factor of 0.85 was applied to the single pile capacity. 
Therefore, the total allowable capacity of the 212 piles is 8,109 kip (0.85×212×45), which is greater than 
the estimated load of 8,100 kip. Assuming the total axial load will be uniformly distributed on the pile 
cap, the pile capacities are adequate. However, we recommend that a pile group analysis be performed 
using the computer program GROUP for the design phase of the project to verify the uniform loading 
assumption. Note that, any potential lateral load and/or moment on the pile cap will cause uneven 
distribution of axial loads on the piles. 

8.2 Pile Foundation for Forebay 

A conceptual design of the pile foundation system for the forebay in Soil Area 6 was also performed by 
HDR based on the results of pile capacity analyses presented in the 2017 Geotechnical Memorandum.  
The conceptual pile layout consists of 40 HP 16×141 steel piles bearing on rock with lengths of 75 feet 
and a center-to-center spacing of 9 feet. The pile capacities are adequate with respect to the estimated 
axial load. However, we recommend a pile group analysis using the computer program GROUP as part 
of the design phase of the project. Details of the conceptual design calculations by HDR are included in 
Attachment C1-Y.
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9.0 Conclusions and Recommendations 
Following are the conclusions and recommendations based on the findings of this feasibility study level 
geotechnical analysis: 

• The levee alternative is feasible for flood height of 2 feet, 4 feet, 6 feet and 8 feet for Soil Areas 1 
to 3 where no organic soil was identified in the soil profiles.  

• The levee alternative is feasible for flood height of 2 and 4 feet for Soil Areas 4 to 7 where peat or 
organic clay was identified in the soil profiles. Levees with 6 and 8 feet flood height for Soil Areas 
4 to 7 will require installing sheet piles on both the riverside and landside of the levee.  

• A more reasonable alternative to 6 and 8 feet levees with sheet piles for Soil Areas 4 to 7 may be 
a double sheet pile wall. 

• T-walls supported on shallow foundation are feasible from seepage standpoint for all flood 
heights in Soil Areas 1 to 3. Further analysis for calculating the factor of safety for bearing 
capacity, sliding and overturning of the T-walls is expected to be performed by the Marine 
Engineering Group of AECOM during the design phase.   

• I-walls are feasible for 2 feet and 5 feet flood heights for Soil Areas 4 to 7.  

• T- and L-walls with sheet piles and pile foundations are recommended for 6 and 8 feet flood 
heights for Soil Areas 4 to 7.  

• Cantilever sheet pile walls are feasible for 6 and 8 feet flood heights for Soil Areas 1 to 3 and for 
15 feet flood height for Soil Area 2, where bedrock is at elevation -27 feet or lower. Drained back 
fill conditions were assumed for the 15 feet cantilever sheet pile wall.   

• Anchored sheet pile walls are feasible for 15 feet flood height for Soil Area 2, where bedrock 
elevation is higher than -27 feet. Drained back fill conditions were assumed for anchored sheet 
pile wall. 

• Considering that the exit gradient and flow rate for the I-wall and T-wall alternatives with much 
shorter sheet piles were within acceptable limits, seepage is not a concern for double sheet pile 
walls, cantilever sheet pile walls, and anchored sheet pile wall. 

• Analysis for global stability of the I-, T- and L-walls for full flood and reverse flood conditions in all 
soil areas must be performed as part of the design phase of this project. 

• The upper soil must be inspected down to 6 feet depth by excavating trenches prior to the 
construction of levees and T-walls on shallow foundations. If the existing material is not suitable 
for construction, it must be replaced by proper structural fill. 

• For the cantilever sheet pile wall and anchored sheet pile wall alternatives, the grouting will be 
performed by pre auguring procedure and tremie pipes will be attached to the sheet piles on both 
sides that pressure non shrink grout will be injected through or a slurry method will be used to 
form a trench 2 feet wide filled with concrete/grout around the sheet piles. 

• The driven pile deep foundation alternative for the proposed East River Ditch pump station and 
forebay is adequate based on the capacity of a single pile. However, it is recommended that a 
pile group analysis be performed for each group of piles using the computer program GROUP as 
part of the design phase of the project. 
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It should be noted that this feasibility study level geotechnical analysis is based on limited subsurface 
soil information from borings near the project site. For example, most of the existing boring logs used in 
this study do not have SPT blow count data. A more comprehensive geotechnical evaluation of the flood 
protection measures will require extensive geotechnical investigations along the line of protection 
including soil borings with SPTs, field permeability tests, cone penetration tests, laboratory testing on 
soil and rock samples collected from the borings including sieve analysis, Atterberg limits, consolidation 
and triaxial tests. Also note that transient seepage analysis was not performed as the flood stage 
condition data were not available at the time of this Feasibility Study. 
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Soil Boring Logs Used to Prepare Generalized Subsurface Profiles for Soil Areas 1 to 7
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Appendix C1-B

Details of Seepage and Slope Stability Analysis for Levees from GeoStudio
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Appendix C1-C

Details of Consolidation Settlement Analysis for Levees























Appendix C1-D

Output of Sheet Pile Analysis for 7.2 and 9.8 ft Levees in Soil Areas 4 to 7 from Shoring Suite















Appendix C1-E

Plots of Lateral Deflection, Bending Moment and Shear Force versus Depth of Sheet Pile from PYWall



Figure E.1: Lateral Deflection, Bending Moment and Shear Force with Depth for 6 ft
Double Sheet Pile Wall at No Flood Condition for Zone 4 to 7.



Figure E.2: Lateral Deflection, Bending Moment and Shear Force with Depth for 6 ft
Double Sheet Pile Wall at Full Flood Stage for Zone 4 to 7.



Figure A.3: Lateral Deflection, Bending Moment and Shear Force with Depth for 6 ft
Double Sheet Pile Wall at Rapid Drawdown from Full Flood Stage for Zone 4 to 7.



Figure E.4: Lateral Deflection, Bending Moment and Shear Force with Depth for 6 ft
Double Sheet Pile Wall at Seismic Loading for Zone 4 to 7.



Figure E.5: Lateral Deflection, Bending Moment and Shear Force with Depth for 8 ft
Double Sheet Pile Wall at No Flood Condition for Zone 4 to 7.



Figure E.6: Lateral Deflection, Bending Moment and Shear Force with Depth for 8 ft
Double Sheet Pile Wall at No Flood Condition for Zone 4 to 7.



Figure E.7: Lateral Deflection, Bending Moment and Shear Force with Depth for 8 ft
Double Sheet Pile Wall at Rapid Drawdown from Full Flood Stage for Zone 4 to 7.



Figure E.8: Lateral Deflection, Bending Moment and Shear Force with Depth for 8 ft
Double Sheet Pile Wall at Seismic Loading for Zone 4 to 7.



Appendix C1-F

Output from PYWall Analysis for 8 ft Double Sheet Pile Wall in Soil Area 4





























Appendix C1-G

Details of Bearing Capacity Calculations for Flood Walls in Soil Areas 1 to 3















Appendix C1-H

Details of Primary Consolidation Settlement Analysis for Flood Walls in Soil Areas 1 to 3



















Appendix C1-I

Details of Seepage Analysis Results for T-walls for Zones 1 to 3 from GeoStudio
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Appendix C1-J

Plots of Lateral Deflection, Bending Moment and Shear Force versus Embedded Depth of I-walls from

PYWall



Results of 2 ft I-Wall Analysis for Soil Area 4



Results of 5 ft I-Wall Analysis for Soil Area 4



Results of 2 ft I-Wall Analysis for Soil Area 5



Results of 5 ft I-Wall Analysis for Soil Area 5



Results of 2 ft I-Wall Analysis for Soil Area 6



Results of 5 ft I-Wall Analysis for Soil Area 6



Results of 2 ft I-Wall Analysis for Soil Area 7



Results of 5 ft I-Wall Analysis for Soil Area 7



Appendix C1-K

Output from PYWall Analysis for 2 ft I-wall in Soil Area 4 























Appendix C1-L

Details of Seepage Analysis Results for I-walls with Sheet Piles in Zones 4 to 7 from GeoStudio
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Appendix C1-M

Details of Seepage Analysis Results for T-walls with Sheet Piles in Zones 4 to 7 from GeoStudio 
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Appendix C1-N

Output from GROUP Analysis for 8 ft T-wall in Soil Areas 4 to 7









Appendix C1-O

Plots of Lateral Deflection, Bending Moment and Shear Force versus Depth of L-walls from PYWall



Figure O.1: Lateral Deflection, Bending Moment and Shear Force with Depth for 6 ft L-wall
with Sheet Pile Supported by Batter Steel Piles at Full Flood Condition for Zone 4 to 7.



Figure O.2: Lateral Deflection, Bending Moment and Shear Force with Depth for 6 ft L-wall
with Sheet Pile Supported by Batter Micropiles at Full Flood Condition for Zone 4 to 7.



Figure O.3: Lateral Deflection, Bending Moment and Shear Force with Depth for 8 ft L-wall
with Sheet Pile Supported by Batter Steel Piles at Full Flood Condition for Zone 4 to 7.



Figure O.4: Lateral Deflection, Bending Moment and Shear Force with Depth for 8 ft L-wall
with Sheet Pile Supported by Batter Micropiles at Full Flood Condition for Zone 4 to 7.



Appendix C1-P

Output from PYWall Analysis for 6 ft L-wall in Soil Areas 4 to 7



























Appendix C1-Q

Plots of Ultimate Axial Capacities versus Length of Friction Piles from APILE
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Figure Q.1: Ultimate Axial Compression Capacity versus Length of HP 14 x 73 Pile for Soil
Areas 4 to 7.
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Figure Q.2: Ultimate Axial Tension Capacity versus Length of HP 14 x 73 Pile for Soil Areas
4 to 7.



Figure Q.3: Ultimate Axial Compression Capacity versus Length of HP 16 x 141 Pile for Soil
Areas 4 to 7.
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Figure Q.4: Ultimate Axial Tension Capacity versus Length of HP 16 x 141 Pile for Soil Areas
4 to 7.
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Appendix C1-R 

Output from APILE Analysis for Axial Capacity of Driven Piles 















Appendix C1-S

Compression Capacity Calculation for Driven Pile Bearing on Rock







Appendix C1-T

Details of Micropile Axial Capacity Calculations







Cantilever Sheet Pile Wall with 6 ft Height for 
Soil Areas 1-3 - No Flood Condition



Cantilever Sheet Pile Wall with 6 ft Height for 
Soil Areas 1-3 - No Flood and Seismic



Cantilever Sheet Pile Wall with 8 ft Height for
Soil Areas 1-3 - No Flood Condition



Cantilever Sheet Pile Wall with 8 ft Height for
Soil Areas 1-3 - No Flood and Seismic



Cantilever Sheet Pile Wall with 15 ft Height (Not Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower
No Flood Condition



Cantilever Sheet Pile Wall with 15 ft Height (Not Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower
No Flood and Seismic



Cantilever Sheet Pile Wall with 15 ft Height (Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower
No Flood Condition



Cantilever Sheet Pile Wall with 15 ft Height (Grouted)
for Soil Area 2, @ -27 ft or Lower
No Flood and Seismic





Cantilever Sheet Pile Wall with 15 ft Height (Not Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower

No Flood Condition

























Cantilever Sheet Pile Wall with 15 ft Height (Not Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower

No Flood and Seismic

























Cantilever Sheet Pile Wall with 15 ft Height (Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower

No Flood Condition

























Cantilever Sheet Pile Wall with 15 ft Height (Grouted)
for Soil Area 2, Bedrock @ -27 ft or Lower

No Flood and Seismic



























Anchored Sheet Pile Wall with 15 ft Height for Soil Area 2 
Bedrock Higher than -27' 
No Flood Condition



Anchored Sheet Pile Wall with 15 ft Height for Soil Area 2 
Bedrock Higher than -27' 
No Flood and Seismic





Anchored Sheet Pile Wall with 15 ft Height for Soil Area 2 
Bedrock Higher than -27' 

No Flood Condition























Anchored Sheet Pile Wall with 15 ft Height for Soil Area 2 
Bedrock Higher than -27' 

No Flood and Seismic
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1.0 Project Background 
The Rebuild by Design Meadowlands Flood Protection Project (the Proposed Project) would provide a 
solution that will reduce flooding risk and enhance resiliency in the Meadowlands area near the Boroughs 
of Little Ferry, Teterboro, Moonachie, Carlstadt, and the Township of South Hackensack, Bergen County, 
New Jersey. The Alternative 1 line of protection (LOP) is located along the west bank of the Hackensack 
River and Berry’s Creek, would protect the inland areas from flooding. The proposed design concept 
would simultaneously improve access to the waterfront and provide flood protection when needed, by 
using a combination of floodwalls, sheet pile walls, deployable flood barriers, walkways, and tie-ins to the 
existing flood plain boundary. This subappendix presents the relevant information used to design the 
structures of the Proposed Project. 

Based on the location with respect to the Hackensack River, the Alternative 1 LOP is divided into four 
reaches: the Northern Segment, Central Segment, Southern Segment, and Berry’s Creek (Figure C2-1). 
Also, based on the subsurface conditions and the bedrock elevations obtained from the existing borings, 
the Project Area is categorized into seven Soil Areas from Area 1 to 7 (Figure C1-1 in Subappendix C1). 
The structural engineering portion of the Proposed Project is to design structural components, such as 
floodwalls (T-walls), sheet pile walls (single sheet pile walls and double sheet pile walls), and walkways to 
withstand flood and wave loads in a design event, as well as other structures including drainage 
structures, boardwalks, and miscellaneous site improvements. 

 

 
 

Figure C2-1: Rebuild by Design Meadowlands-Alternative 1 Key Plan 
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2.0 Alternative 1 Line of Protection Segments 
The Alternative 1 LOP proposed alignment is divided into four segments: three segments along the 
Hackensack River and one segment near Berry’s Creek. The three segments along the Hackensack 
River are the Northern Segment, Central Segment, and Southern Segment, going from upstream to 
downstream of the Hackensack River. 

Table C2-1 shows the segments of the Alternative 1 LOP along the Hackensack River, the stations of the 
segments, and their corresponding flood-protection strategies and soil areas. For the stationing of the 
segments, a drawing set from CH-101 to CH-124 is referred and can be found in Appendix F. The high 
ground represents the locations where the elevation is greater than +7 feet North American Vertical 
Datum of 1988 (NAVD 88) and the flood-protection strategy is determined to be not necessary. 

Table C2-1: Alternative 1 Line of Protection Segments and Stations along the Hackensack River 

Segment Station Strategies Soil Areas 

Northern Segment 
0+00 to 38+77 Cantilever Sheet Pile Walkway Soil Area 2 
38+77 to 44+36 Single Sheet Pile Wall Soil Area 3 
44+36 to 56+50 High Ground Soil Area 3 

Central Segment 

56+50 to 66+00 Grading with Sheet Pile Soil Area 3 (Fluvial 
Park) 

66+00 to 67+00 High Ground Soil Area 3 (Fluvial 
Park) 

67+00 to 85+40 Cantilever Walkway Soil Area 3 
85+40 to 125+40 Concrete Floodwall Soil Area 3 
125+40 to 140+52 High Ground Soil Areas 3 and 4 
140+52 to 225+00 Single/Double Sheet Pile Wall Soil Areas 4 and 5 

Southern Segment 225+00 to 266+90 Single/Double Sheet Pile Wall Soil Area 5 

 
2.1 Northern Segment 

The Northern Segment is from station 00+00 to station 56+50. It includes the upstream Hackensack River 
area and stretches down to the proposed Fluvial Park underneath US Route 46, which is a starting point 
of the next segment, the Central Segment. The Northern Segment falls in Soil Areas 2 and 3. For the 
Northern Segment, cantilever sheet pile walkway and single sheet pile wall were proposed. 

2.2 Central Segment 

The Central Segment stretches from station 56+50 to station 225+00. The Central Segment starts from 
the proposed Fluvial Park, which covers stations 56+50 to 67+05, extends along the west bank of the 
Hackensack River, and ends near Williams/Transco Gas Pipeline Road. The proposed Fluvial Park would 
be located at the waterfront of the Hackensack River and underneath US Route 46. 

The Central Segment is located in Soil Areas 3, 4, and 5. Fluvial Park, an elevated walkway, grading with 
sheet pile, concrete floodwall, cantilever walkway, and single and double sheet pile wall were proposed 
for the Central Segment. 
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2.3 Southern Segment 

The Southern Segment starts from station 225+00 and ends at station 266+90. The Southern Segment 
stretches along Commerce Boulevard, protecting the inland buildings. Two viewing platforms were 
proposed to be located at station points 246+00-247+00 and 255+00-256+00. Soil Area 5 belongs to the 
Southern Segment. Single and double sheet pile wall were proposed for the Southern Segment. 

2.4 Berry’s Creek 

Berry’s Creek Line of Protection involves Soil Areas 6 and 7. Single sheet pile wall, storm surge barrier, 
and closure gate were proposed for this segment. 

3.0 Structural Measures 
Structural measures were proposed to protect the Project Area from storm surge and flooding. The 
proposed measures include concrete floodwalls (T-walls), sheet pile walls, and walkways. The flood-
protection strategy was designed to elevation +8 feet (NAVD88), which includes 1 foot of freeboard. 

3.1 Concrete Floodwalls 

T-shaped concrete floodwalls were proposed at various design heights throughout the Project Area. They 
are divided into a shallow foundation concrete floodwall and a deep foundation concrete floodwall, 
depending on their foundation forms. 

3.1.1 Shallow Foundation Concrete Floodwall (Central Segment) 

T-walls on shallow foundations were considered for all flood heights for Soil Areas 1 to 3 (the soil areas 
without organic soil layer). Prior to the construction of the T-walls on shallow foundations, the top soil 
would need to be inspected down to 6 feet depth by excavating trenches. If the existing soil material is not 
suitable for construction, it would be replaced by proper structural fill. 

The shallow foundation concrete floodwall consists of a continuous concrete footing. The bottom of the 
footing was designed to be below the frost line depth, 3 feet (2015 New Jersey International Residential 
Code). The shallow foundation concrete floodwall was proposed for the Central Segment from station 
85+40 to station 125+40. 

3.1.2 3.1.2 Deep Foundation Concrete Floodwall (Central Segment) 

T-walls with sheet piles and deep foundations were considered for the protected part of the cantilever 
walkway near the existing pump station at the Central Segment, which would be located between stations 
75+00 and 76+00. The deep foundation concrete floodwall was proposed from station 75+17 to station 
75+90, where the cantilever walkway section at the pump station was proposed. The foundation would 
consist of a pile cap with vertical continuous sheet piles and two battered H-Piles (3V:1H) at every 12 
feet. 

3.2 Sheet Pile Walls 

Two types of sheet pile walls were evaluated for the Proposed Project; single sheet pile wall and double 
sheet pile wall. In the proposed Fluvial Park, the sheet pile wall was proposed to be embedded below 
grade to stabilize the grading. 

3.2.1 Single Sheet Pile Wall (Northern, Central, Southern Segments, and Berry’s Creek) 

A single sheet pile wall consists of driven sheet piles capped by a concrete wall. For greater resistance 
against the flood and wave load and aesthetic purpose, a 2-feet -thick concrete casing on both protected 
and flood sides of sheet pile was proposed. Single sheet pile walls were considered for the height above 
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grade from 2 feet to 5 feet. The single sheet pile wall was proposed in all segments of the Project Area, 
including Berry’s Creek. 

3.2.2 Double Sheet Pile Wall (Central and Southern Segments) 

A double sheet pile wall structure consists of two sheet pile walls connected by walers and struts and the 
space between filled with sand. The waler was designed to be located at two-thirds the height of each 
sheet pile, and struts connect the walers at every 10 feet. Double sheet pile walls were considered for the 
height above grade from 5 feet to 8 feet. 

Two sections of double sheep pile wall were proposed: 6 feet and 8 feet height. For the segment whose 
height above grade is greater than 5 feet and less than or equal to 6 feet, “6 feet double sheet pile wall” 
section was suggested to be used. For the height above grade greater than 6 feet and less than or equal 
to 8 feet, “8 feet double sheet pile wall” section was suggested. Both double sheet pile wall sections are 5 
feet wide. 

The double sheet pile wall section was also proposed for the 10’-wide cantilever walkway section in the 
Central Segment, which would be from station 67+00 to station 72+45. In this section, a concrete 
walkway was proposed to be installed on the light weight soil fill between the sheet piles. 

3.2.3 Grading with Sheet Pile at Fluvial Park (Central Segment) 

Fluvial Park, part of the Central Segment, is a park proposed from station 56+50 to station 67+05, which 
stretches underneath US Route 46. In the proposed Fluvial Park, the boardwalk was designed to be 
located near the Hackensack River, where the public would have access to a better waterfront view. 
Underneath and inland from the boardwalk, a planting zone was proposed. More inland from the planting 
zone would be the grading area with sheet piles embedded for the purpose of stable soil ground. 

Sheet pile wall was proposed to be embedded 5 feet inland the boundary of riparian planting zone. The 
purpose of the embedded sheet pile wall would be to stabilize the inland area and to cut-off seepage. The 
crest elevation of the grade would be no lower than +8 feet (NAVD 88). The grading with sheet pile was 
proposed from station 56+50 to station 66+00. 

3.3 Walkway 

Several walkway sections were proposed as both flood protection strategies and boardwalks. The 
walkway sections were proposed for the Northern Segment and Central Segment. 

3.3.1 Cantilever Sheet Pile Walkway (Northern Segment) 

The 16-feet wide cantilever sheet pile walkway would consist of driven sheet pile and backfill behind the 
sheet pile. On top of the backfill, a concrete cap would be placed for a pedestrian and vehicle passage. 
Planting zone would be implemented on the protected side of the concrete cap for public realm purpose. 
Concrete eco panels would be mechanically attached to the front of sheet pile. The cantilever sheet pile 
walkway was proposed for the Northern Segment from station 00+00 to 38+77. 

Two sections of cantilever sheet pile walkway were developed: with and without the lateral support 
system. The section without the lateral support system was proposed for the soil profile where the 
bedrock layer is found to be lower than -27 feet (NAVD 88), while the section with the system was 
proposed for the profile where bedrock is encountered above -27 feet (NAVD 88). Once the actual soil 
profile is investigated, either section could be used in the next level of development. 

3.3.2 Cantilever Walkway (Central Segment) 

The cantilever walkway sections were developed to serve as both flood-protection structures and 
boardwalks near the Hackensack River in the Central Segment. The cantilever walkway sections stretch 
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from station 67+00 to station 85+40. Four different walkway sections were designed based on their widths 
and locations. 

Two 25-feet wide walkway options were designed. Both options would use a single sheet pile wall as the 
means of flood protection on the flood side, but one option would utilize a vertical concrete wall, while the 
other would implement a 1V:2H slope of soil fill on the protected side. The option with the vertical 
concrete wall is 8 feet maximum height, while the option with the sloped soil fill has the maximum height 
of 6 feet. Either detail could be applicable and is to be determined in the next level of development. 

The 25-feet wide walkway sections were also proposed for the transitional station from 10-feet wide 
walkway to 25-feet wide walkway, by varying the width of the walkway. The section was proposed for 
segment from station 75+90 to 85+40 as the 25-feet wide walkway and from station 72+45 to 75+17 as 
the transitional walkway. 

A separate, proposed 25-feet wide walkway section was developed to accommodate the existing pump 
station, which is located between stations 75+00 and 76+00. While the other 25-feet wide walkway 
sections would include light weight soil fill below the concrete walkway, the walkway section near the 
pump station would not include the fill. Instead, it would implement a concrete column at every 24 feet on 
the flood side to allow the discharge from the existing pipe lines. Breaking wave loads were considered in 
the design of the concrete column. On the protected side there would be a deep foundation concrete 
floodwall as a flood protection strategy. This section was proposed from station 75+17 to station 75+90. 

For the narrow segment where 25-feet wide walkway is not available, a 10-feet wide walkway section was 
considered using a double sheet pile wall. The 10-feet wide walkway section could be realized by 
installing a concrete walkway on the light weight soil fill between the sheet pile walls. Each sheet pile 
would be cased with concrete by 6 inches on its exposed surfaces. The maximum height of the 10-feet 
wide walkway would be 8 feet and 6 inches. This section was proposed from station 67+00 to 72+45. 

3.3.3 Fluvial Park Elevated Walkway (Central Segment) 

An elevated walkway section was developed to serve as a boardwalk in the proposed Fluvial Park. The 
25-feet wide walkway section has the concept of a pier bridge, where two columns would support the 
walkway at every 24 feet. Since the elevated walkway section would only serve as a boardwalk, it is not 
considered part of the flood protection strategy and does not follow the station line. The elevated walkway 
was designed to be a concrete frame system with wood slat decking as a floor system. 

3.4 Cross Section Summary 

Table C2-2 shows the structural cross sections and their features. Details are provided in Alternative 1 
Plan Sheets S-401 to S-409 in Appendix F. The crest elevation of all sections is set to +8 feet (NAVD 
88), which includes 1 foot of freeboard. 
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Table C2-2: Section Summary 

Type Segment Length 
 Typical Section View Features Summary of Analysis 

Concrete 
Floodwall 
(Shallow 

Foundation) 

Central 
Segment 2,500 lf. 

 

The shallow foundation concrete 
floodwall is designed from 1 ft. to 10 ft. 
height for Soil Areas 1, 2, and 3. Total 

9 sections are developed with an 
increment of 1 ft. 

Targeted sliding safety factor = 1.33 
Actual smallest sliding safety factor = 1.40 

 
Targeted base area in compression = 75% 
Actual smallest base area in compression = 

100% 
 

Targeted bearing capacity safety factor = 2 
Actual smallest bearing capacity safety factor = 

2.01 

Concrete 
Floodwall 

(Deep 
Foundation) 

Central 
Segment 

90 lf. 
(solely 

used for 
cantilever 
walkway 

at 
pumping 
station) 

 

The deep foundation concrete 
floodwall incorporates two battered H-
Piles (3V:1H) and continuous sheet 
pile wall at the center of the footing. 
The section is implemented as the 

protected part of cantilever walkway 
section near the existing pump 
stations at Central Segment. 

Compression capacity of H-Pile 14x73 is 15 
ton. 

 
The maximum deflection of H-Pile 14x73 is 

0.31 in. 

Single Sheet 
Pile Wall 

Northern 
Segment, 
Central 

Segment, 
Southern 
Segment, 

Berry’s 
Creek 

10,900 lf. 
(including 
400 lf. for 
Berry’s 
Creek) 

 

The single sheet pile wall consists of 
driven sheet pile capped by a concrete 
wall. The section is considered for the 
height above grade from 2 ft. to 5 ft. 

2 ft. wall: AZ12 
Maximum deflection = 0.04 in. 

Maximum bending moment = 34 kip-in.  
Allowable moment = 1,934 kip-in. 

 
5 ft. wall: AZ12 

Maximum deflection = 0.25 in. 
Maximum bending moment = 264 kip-in. 

Allowable moment = 1,934 kip-in. 
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Table C2-2: Section Summary (Continued) 

Type Segment Length Typical Section View Features Summary of 
Analysis 

Double Sheet Pile 
Wall 

Central Segment, 
Southern Segment 2,000 lf. 

 

The double sheet pile 
wall consists of two 

sheet piles connected by 
struts and the space 

between the sheet piles 
filled with sand. Two 

sections of double sheet 
pile wall are developed: 

6 ft. and 8 ft. height. 

6 ft. wall: AZ19 
Maximum deflection 

= 0.40 in. 
Maximum bending 
moment = 345 kip-

in.  
Allowable moment 

= 3,996 kip-in. 
 

8 ft. wall: AZ26 
Maximum deflection 

= 0.77 in. 
Maximum bending 
moment = 648 kip-

in. 
Allowable moment 

= 5,558 kip-in. 

Cantilever Sheet 
Pile Walkway 
Bedrock -27 ft. 

(NAVD88) or Lower 

 
 
 

Northern Segment 

 
 
 

3,900 lf. 

 

The cantilever sheet pile 
walkway consists of 
driven sheet pile and 

backfill behind the sheet 
pile. On the top of 

backfill, concrete cap will 
be placed for 

pedestrians and vehicles 
passage. Planting zone 
will be implemented on 
the protected side of the 
concrete cap. Concrete 

eco panel will be 
mechanically attached to 

the front of sheet pile. 
Drainage pipe will be 

located inside the 
backfill. 

15 ft. wall: AZ25 
(with 2 ft. thick 

grout)  
Maximum deflection 

= 0.79 in. 
Maximum bending 
moment = 3,320 

kip-in.  
Allowable moment 

= 4,028 kip-in. 
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Cantilever Sheet 
Pile Walkway 

Bedrock Higher 
than -27 ft. 
(NAVD88) 

 

When the bedrock 
elevation is higher than -
27 ft. (NAVD88), a lateral 

support system is 
considered for the 

cantilever sheet pile 
walkway. The lateral 

support system consists 
of battered rock anchor 
and concrete deadman. 

Drainage pipe will be 
located inside the 

backfill. 

15 ft. wall: AZ25 
Maximum deflection 

= 0.77 in. 
Maximum bending 
moment = 648 kip-

in.  
Allowable moment 

= 4,028 kip-in. 
 

 

Table C2-2: Section Summary (Continued) 

Type Segment Length Typical Section View Features Summary of Analysis 

Cantilever 
Walkway 25 ft. 
Width Option 1 

Central 
Segment 1,250 lf. 

 

Both 25’-wide cantilever 
walkway options use 
single sheet pile wall 
section as means of 

flood-protection. Option 
1 utilizes vertical 

concrete wall on the 
protected side. The 

maximum height of the 
section is 8 ft. Drainage 

pipe will be located 
inside the light weight 

soil fill. 

8 ft. wall: AZ12 
Maximum deflection = 

1.1 in. 
Maximum bending 

moment = 900 kip-in.  
Allowable moment = 

1,934 kip-in. 
 

Retaining Wall on the 
protected side 

Targeted sliding safety 
factor = 1.5 

Actual sliding safety 
factor = 2.51 

 
Targeted overturning 

safety factor = 1.5 
Actual overturning 
safety factor = 3.49 
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Cantilever 
Walkway 25 ft. 
Width Option 2 

 

 

The 25’-wide cantilever 
walkway option 2 

implements a 1V:2H 
slope of light weight soil 

fill on the protected 
side. The maximum 

height of the sections is 
6 ft. Drainage pipe will 
be located inside the 
light weight soil fill. 

6 ft. wall: AZ12 
Maximum deflection = 

0.41 in. 
Maximum bending 

moment = 400 kip-in.  
Allowable moment = 

1,934 kip-in. 
 

Cantilever 
Walkway 25 ft. 
Width Pump 

Station 

Central 
Segment 90 lf. 

 

The 25’-wide cantilever 
walkway near the 

existing pump station 
utilizes the deep 

foundation concrete 
floodwall as a flood-

protection strategy on 
the protected side. 
Concrete column is 

implemented at every 
24 ft. on the flood side 
to accommodate the 

discharge of the 
existing pipeline from 

the pump station. 
Drainage channel will 

be located between the 
existing pump station 

and the walkway 
section. 

Slab efficiency = 
95.44% 

Wall efficiency = 
2.13% (bearing 

strength), 3.48% (axial 
compression) 

Column efficiency = 
14.04% (breaking 

wave loads 
considered) 
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Table C2-2: Section Summary (Continued) 

Type Segment Length Typical Section View Features Summary of 
Analysis 

Cantilever 
Walkway 10 ft. 

Width 
Central Segment 540 lf. 

 

For the narrow 
segment where 25’-
wide walkway is not 
available, 10’-wide 
walkway section is 
considered, using 
double sheet pile 

wall. The maximum 
height of the section 
is 8 ft.-6 in. Drainage 
pipe will be located 

inside the light 
weight soil fill 

between sheet piles. 

6 ft. wall: AZ19 
Maximum 

deflection = 0.40 
in. 

Maximum bending 
moment = 345 kip-

in.  
Allowable moment 

= 3,996 kip-in. 
 

8 ft. wall: AZ26 
Maximum 

deflection = 0.77 
in. 

Maximum bending 
moment = 648 kip-

in. 
Allowable moment 

= 5,558 kip-in. 

Fluvial Park-
Elevated Walkway 

Central Segment 
(Fluvial Park) 1,250 lf. 

 

The 25’-wide 
walkway section at 
Fluvial Park has the 

concept of pier 
bridge, where two 

columns support the 
walkway at every 24 
ft. Since the elevated 
walkway section only 

serves as a 
boardwalk, it is not a 

part of flood 
protection strategies. 
Wood slat decking 
system is used for 
the floor system of 

the walkway section. 

Center beams 
efficiency = 

61.82% 
Side beams 
efficiency = 

58.02% (moment), 
92.79% (torsion) 

Girder efficiency = 
43.11% 

Column efficiency 
= 4.83% 
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Fluvial Park-
Grading with 
Sheet Pile 

Central Segment 
(Fluvial Park) 950 lf. 

 

The grading with 
sheet pile at Fluvial 

Park includes a 
sheet pile wall 

embedded below 
grade 5 ft. inland of 

riparian planting 
zone. The embedded 

sheet pile wall will 
stabilize the existing 

grade and cut-off 
seepage. 

 

lf = linear feet 
ft = feet 
in = inches 
kip-in = kilopound-inches 
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4.0 Applicable Codes, Standards, and Guidelines 
All structural design and construction shall be in accordance with the following codes: 

• International Code Council (ICC), International Building Code New Jersey Edition: 2015 (New 
Jersey Building Code) 

• ICC, International Residential Code New Jersey Edition: 2015 (New Jersey Residential Code) 

• American Concrete Institute (ACI) 318-14, Building Code Requirements for Structural Concrete 
and Commentary 

• American Society of Civil Engineers (ASCE) 7-10, Minimum Design Loads for Buildings and 
Other Structures 

• United States Army Corps of Engineers (USACE) Engineer Manual (EM) 1110-2-2502, Retaining 
& Floodwalls 

• USACE EM 1110-2-2504, Design of Sheet Pile Walls 

• USACE EM 1110-2-2906, Design of Pile Foundations 

• USACE Engineer Technical Letter (ETL) 1110-2-575, Evaluation of I-Walls 

• Federal Emergency Management Agency (FEMA), P-55, Coastal Construction Manual: Principles 
and Practices of Planning, Siting, Designing, Constructing, and Maintaining Residential Buildings 
in Coastal Areas 

• FEMA, P-259, Engineering Principles and Practices of Retrofitting Floodprone Residential 
Structures 

• United States Steel (USS), Steel Sheet Piling Design Manual, 1984 

5.0 Geotechnical Design Criteria 
The Project Area was divided into seven soil areas based on the subsurface conditions and the bedrock 
elevations (Figure C1-1 in Subappendix C1). Based on the existing borings, no organic soil layer was 
identified in Soil Areas 1 to 3, while an organic clay or peat layer was found in Soil Areas 4 to 7. 
Information on the soil profiles of Soil Areas 1 to 7 can be found in Figure C1-2 to Figure C1-9 and Table 
C1-1 to Table C1-7 in Subappendix C1. 

6.0 Design Loading 
Since the failure of the flood protection strategy could lead a substantial risk to human life, the risk 
category of the sections was determined to be Category IV. The structural sections were designed based 
on the minimum design load, referred to ASCE 7-10. 

6.1 Dead Loads (D) 

Dead Loads include the self-weight of building materials and permanent loads on all structures. Table C2-
3 shows a list of common building materials and their self-weight. 
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Table C2-3: Materials and Self-weights 

Material Weight 
Concrete, Normal Weight 150 pcf 

Soil Fill 120 pcf 
Light Weight Soil Fill 60 pcf 

Structural Compacted Fill 130 pcf 
Walkway Railing 10 plf 
Wood Slat Deck 10 psf 

Wood Slat Deck Finishing 5 psf 
pcf = per cubic foot 
psf = per square foot 

Mechanical and electrical equipment Dead Load are based upon the manufacturer’s technical 
specification sheets, when available. 

6.2 Live Loads (L) 

• Walkway and Elevated Platforms: 60 psf (ASCE 7-10 Table 4-1) 

• Sidewalks, Vehicular Driveways, and Yards subject to Trucking: 250 psf (ASCE 7-10 Table 4-1) 

• Handrails and Guardrails: 200 lb. of concentrated load and 50 per linear foot (plf) of uniformly 
distributed load (ASCE 7-10 4.5.1) 

• Vehicle Barrier Systems: 6,000 lb. of concentrated load (ASCE 7-10 4.5.3) 

6.3 Fluids (F) & Flood (Fa) Loads 

• Hydrostatic Loads 

o Include lateral water pressures and uplift pressures under the concrete floodwall (T-wall) 

o Unit weight of water, γw = 62.4 pcf for fresh water or 64.0 pcf for salt water 

• Wave Loads 

o Result from water waves propagating over the water surface and striking a building or other 
structure 

o Coefficient of drag for breaking waves, CD = 2.25 for square piles or columns 

o Design still water depth, ds, will be given by the coastal modelling report (retrieved from Flood 
Insurance Study by FEMA for feasibility report) 

Note: Parameters are listed in ASCE 7-10 Chapter 5: “Flood Loads” 

6.4 Soil Loads (H) 

In the design of structures below grade, the lateral pressure of adjacent soil shall be considered. Using 
Rankine’s theory, active and passive coefficient of earth pressure was estimated with a given internal 
friction angle of soil. 

6.5 Design Loading Combinations 

The loads designed for in the Proposed Project follow Load and Resistance Factor Design (LRFD) Load 
Combinations from ASCE 7-10 and Flood Load Combinations from Chapter 16 of the New Jersey 
Building code, 2015. Table C2-4 shows design load combinations in LRFD. 
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The sliding and overturning stability and bearing capacity of concrete floodwall (T-wall) was checked 
using service load combination, not LRFD combination. In the next phase of design, load combinations of 
USACE will be used for reinforced concrete design of the concrete floodwall (T-wall), by referring to EM 
1110-2-2104. 

Table C2-4: Design Load Combinations (New Jersey Building Code [2015] Section 1605) 

LRFD Load Combinations with ASCE 7-10 2.3.3 
1 1.4(D + F) 
2 1.2(D + F) + 1.6(L + H) 
3 1.2(D + F) + 1.6H + f1L 
4 1.2(D + F) + f1L + 1.6H + 1.0Fa 
5 1.2(D + F) + f1L + 1.6H 
6 0.9D + 1.6H + 1.0Fa 
7 0.9(D + F) + 1.6H 

 

Where: 

• D = dead load 

• F = load due to fluids with well-defined pressures and maximum heights (hydrostatic and uplift 
pressure included in this category) 

• Fa = flood load (breaking wave load included in this category) 

• H = load due to lateral earth pressure, ground water pressure, or pressure of bulk materials 
(active, at-rest, and passive soil pressure included in this category) 

• L = live load 

•  f1 = 1 for places of public assembly live loads in excess of 100 pounds per square foot, 
and parking garages; and 0.5 for other live loads 

7.0 Material Specifications 
7.1 Structural Concrete 

• Normal Weight Concrete (150 pcf) 

• Concrete Compressive Strength, f’c = 5,000 psi compressive strength at 28 days 

7.2 Reinforcing Steel 

• #4 bars or higher, Grade 60 in accordance with ACI 318-14 

7.3 Steel 

• Sheet Pile Sections: ASTM A572 Grade 50 

• HP Sections: ASTM A572 Grade 50 

• W Sections: ASTM A992 

• C Sections: ASTM A36 

• Steel Rods: ASTM A36 

• Anchor Bolts: ASTM F1554 Grade 36 or 55 
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• Machine Bolts: ASTM A307, Grade A or B 

• High Strengths Bolts: ASTM A325-N (Bearing Type) 

• Heavy Hex Nuts: ASTM A563, Galvanized 

• Plate Washers: ASTM A36, Galvanized 

• Hardened Steel Washers: ASTM F436, Galvanized 

• Filler Weld Metal: E70XX – Structural Steel or E90XX – Reinforcing Steel 

• Electrodes: E70XX – General Structural Steel Welding, E7018 – Complete Penetration Structural 
Steel Welding, or E90XX – Reinforcing Steel Welding 

• Galvanization: ASTM A123 or A153 and Repairs per ASTM A780 

• Stainless Steel: ASTM A240 and A276, Type 316 

 
8.0 Structural Analysis 
Structural analysis consists of shallow foundation concrete floodwall design, cantilever sheet pile walkway 
design, cantilever walkway design and its relevant designs, and Fluvial Park elevated walkway design. 
Microsoft Excel Spreadsheet and hand-written calculation were used for calculating equations and 
SAP2000 was used for structural modeling, SAP2000. 

For the shallow foundation concrete floodwall, nine sections were designed for wall heights from 2 feet to 
10 feet with an increment of 1 foot. Each section has been checked for sliding and overturning stability 
and soil bearing capacity with service load combination. In accordance with USACE EM 1110-2-2502, the 
load case of I2 was considered, an Inland Flood Wall case of water to top of wall. Table C2-5 shows 
stability criteria used in the design of the shallow foundation concrete floodwall. 

 

Table C2-5: Inland Flood Wall Stability Criteria Load Case I2: Water to Top of Wall 

Criteria Minimum Required 
Sliding Factor of Safety 1.33 

Minimum Base Area in Compression in 
Soil Foundation (Overturning Criteria) 75% 

Bearing Capacity Safety Factor 2.0 
 

The cantilever walkway design consisted of the retaining wall design on the protected side of Cantilever 
Walkway 25’ Width Option 1 and global stability check of Cantilever Walkway at Pumping Station. The 
sliding and overturning stability has been checked for the retaining wall on the protected side of the 
Cantilever Walkway Option 1. For the Cantilever Walkway at the Pumping Station, the concrete slab, the 
wall on the protected side, and the column on the flood side were designed. The breaking wave load was 
included in the design of the column on the flood side. 

The concrete frame of the Fluvial Park Elevated Walkway consists of two central beams, two side beams, 
one girder connecting those four beams at every 24 feet, and two columns below every intersection of the 
girder and two central beams. Torsional capacity has been checked in the design of the side beams due 
to the presence of the walkway railing on them. Based on the loads from the concrete frame design, a 
spread footing has been designed with the assumption of 7 feet column length. 
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Below is a list of the structural analyses completed for the Feasibility Study: 

• Concrete Floodwall (T-wall) Design 1’ to 2’ 

• Concrete Floodwall (T-wall) Design 2’ to 3’ 

• Concrete Floodwall (T-wall) Design 3’ to 4’ 

• Concrete Floodwall (T-wall) Design 4’ to 5’ 

• Concrete Floodwall (T-wall) Design 5’ to 6’ 

• Concrete Floodwall (T-wall) Design 6’ to 7’ 

• Concrete Floodwall (T-wall) Design 7’ to 8’ 

• Concrete Floodwall (T-wall) Design 8’ to 9’ 

• Concrete Floodwall (T-wall) Design 9’ to 10’ 

• Concrete Retaining Wall Design for Cantilever Walkway Option 1 

• Cantilever Walkway at Pumping Station 

• Cantilever Walkway at Pumping Station Column on Breaking Wave Loads Check 

• Fluvial Park Elevated Walkway Concrete Frame Design 

• Fluvial Park Elevated Walkway Footing Design 
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Appendix C2-A

Shallow Foundation Concrete Flood Wall Design for Soil Area 3



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 1' to 2' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 4.5 ft

Dh = 2.5 ft
Dt = 2.5 ft

tftg = 1 ft
Ah = 1.25 ft
C = 1.25 ft

twall = 1 ft
B = 3.5 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 675.0 lb/lf weight of the stem of wall

Wftg = 525.0 lb/lf weight of the footing of wall
Wst = 375.0 lb/lf weight of the soil above toe
Wsh = 180.0 lb/lf weight of the soil above heel

Wwh = 351.0 lb/lf weight of the water above heel
WG = 2106.0 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 218.4 lb/lf total uplift forces acting upward

Sliding Forces
faw = 943.80 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 143.19 lb/lf active saturated soil force over heel
fS = 1086.99 lb/lf total sliding forces

Resisting Forces
fpbuoy = 869.27 lb/lf passive saturated soil force over toe

fpw = 382.20 lb/lf lateral hydrostatic force from landside
ffr = 842.40 lb/lf friction force between the footing and the soil
fR = 2093.87 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 1.75 ft
dWftg = 1.75 ft
dWst = 0.625 ft
dWsh = 2.875 ft
dWwh = 2.875 ft

dfpbuoy = dfpw = 1.2 ft
Moment Arms of Overturing Moment

dfaw = 1.833 ft
dfabuoy = 1.167 ft

dWU = 1.944 ft

Stabilizing Moment about Toe
MST = 5321.05 lb-ft/ft

Overturning Moment about Toe
MOT = 2322.02 lb-ft/ft

Resultant
ΣV = 1887.60 lb/ft
ΣH = 1006.88 lb/ft
ΣM = 2999.03 lb-ft/ft
XR = 1.59 ft

Resultant Ratio = 0.45

Sliding Stability Check
FS(SL) = 1.93 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 1887.6 lb
T = 1006.9 lb
α = 0.00 °
e = 0.16 ft

 = 3.18 ft
δ = 28.08 ° (Figure 5-1)
γ' = 57.6 pcf
D = 3.5 ft

qo = 201.6 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.346 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.173 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.173 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.473 [5-5a]
ξci = 0.473 [5-5a]
ξγi = 0.000 [5-5b]

Q = 3792.48 lb [5-2]
FS = 2.01 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 2' to 3' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 5.5 ft

Dh = 2.5 ft
Dt = 2.5 ft

tftg = 1 ft
Ah = 2 ft
C = 2 ft

twall = 1 ft
B = 5 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 825.0 lb/lf weight of the stem of wall

Wftg = 750.0 lb/lf weight of the footing of wall
Wst = 600.0 lb/lf weight of the soil above toe
Wsh = 288.0 lb/lf weight of the soil above heel

Wwh = 686.4 lb/lf weight of the water above heel
WG = 3149.4 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 468.0 lb/lf total uplift forces acting upward

Sliding Forces
faw = 1318.20 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 143.19 lb/lf active saturated soil force over heel
fS = 1461.39 lb/lf total sliding forces

Resisting Forces
fpbuoy = 869.27 lb/lf passive saturated soil force over toe

fpw = 382.20 lb/lf lateral hydrostatic force from landside
ffr = 1259.76 lb/lf friction force between the footing and the soil
fR = 2511.23 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 2.5 ft
dWftg = 2.5 ft
dWst = 1 ft
dWsh = 4 ft
dWwh = 4 ft

dfpbuoy = dfpw = 1.2 ft
Moment Arms of Overturing Moment

dfaw = 2.167 ft
dfabuoy = 1.167 ft

dWU = 2.847 ft

Stabilizing Moment about Toe
MST = 9895.15 lb-ft/ft

Overturning Moment about Toe
MOT = 4355.65 lb-ft/ft

Resultant
ΣV = 2681.40 lb/ft
ΣH = 1049.84 lb/ft
ΣM = 5539.50 lb-ft/ft
XR = 2.07 ft

Resultant Ratio = 0.41

Sliding Stability Check
FS(SL) = 1.72 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 2681.4 lb
T = 1049.8 lb
α = 0.00 °
e = 0.43 ft

 = 4.13 ft
δ = 21.38 ° (Figure 5-1)
γ' = 57.6 pcf
D = 3.5 ft

qo = 201.6 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.266 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.133 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.133 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.581 [5-5a]
ξci = 0.581 [5-5a]
ξγi = 0.021 [5-5b]

Q = 5928.00 lb [5-2]
FS = 2.21 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 3' to 4' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 6 ft

Dh = 2 ft
Dt = 2 ft

tftg = 1.5 ft
Ah = 2.5 ft
C = 2.5 ft

twall = 1 ft
B = 6 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 900.0 lb/lf weight of the stem of wall

Wftg = 1350.0 lb/lf weight of the footing of wall
Wst = 600.0 lb/lf weight of the soil above toe
Wsh = 288.0 lb/lf weight of the soil above heel

Wwh = 936.0 lb/lf weight of the water above heel
WG = 4074.0 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 748.8 lb/lf total uplift forces acting upward

Sliding Forces
faw = 1755.00 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 143.19 lb/lf active saturated soil force over heel
fS = 1898.19 lb/lf total sliding forces

Resisting Forces
fpbuoy = 869.27 lb/lf passive saturated soil force over toe

fpw = 382.20 lb/lf lateral hydrostatic force from landside
ffr = 1629.60 lb/lf friction force between the footing and the soil
fR = 2881.07 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 3 ft
dWftg = 3 ft
dWst = 1.25 ft
dWsh = 4.75 ft
dWwh = 4.75 ft

dfpbuoy = dfpw = 1.2 ft
Moment Arms of Overturing Moment

dfaw = 2.500 ft
dfabuoy = 1.167 ft

dWU = 3.462 ft

Stabilizing Moment about Toe
MST = 14774.05 lb-ft/ft

Overturning Moment about Toe
MOT = 7146.55 lb-ft/ft

Resultant
ΣV = 3325.20 lb/ft
ΣH = 982.88 lb/ft
ΣM = 7627.50 lb-ft/ft
XR = 2.29 ft

Resultant Ratio = 0.38

Sliding Stability Check
FS(SL) = 1.52 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 3325.2 lb
T = 982.9 lb
α = 0.00 °
e = 0.71 ft

 = 4.59 ft
δ = 16.47 ° (Figure 5-1)
γ' = 57.6 pcf
D = 3.5 ft

qo = 201.6 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.240 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.120 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.120 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.668 [5-5a]
ξci = 0.668 [5-5a]
ξγi = 0.117 [5-5b]

Q = 7906.07 lb [5-2]
FS = 2.38 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 4' to 5' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 7 ft

Dh = 2 ft
Dt = 2 ft

tftg = 1.5 ft
Ah = 4.5 ft
C = 2 ft

twall = 1 ft
B = 7.5 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 1050.0 lb/lf weight of the stem of wall

Wftg = 1687.5 lb/lf weight of the footing of wall
Wst = 480.0 lb/lf weight of the soil above toe
Wsh = 518.4 lb/lf weight of the soil above heel

Wwh = 1965.6 lb/lf weight of the water above heel
WG = 5701.5 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 1170.0 lb/lf total uplift forces acting upward

Sliding Forces
faw = 2254.20 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 143.19 lb/lf active saturated soil force over heel
fS = 2397.39 lb/lf total sliding forces

Resisting Forces
fpbuoy = 869.27 lb/lf passive saturated soil force over toe

fpw = 382.20 lb/lf lateral hydrostatic force from landside
ffr = 2280.60 lb/lf friction force between the footing and the soil
fR = 3532.07 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 2.5 ft
dWftg = 3.75 ft
dWst = 1 ft
dWsh = 5.25 ft
dWwh = 5.25 ft

dfpbuoy = dfpw = 1.2 ft
Moment Arms of Overturing Moment

dfaw = 2.833 ft
dfabuoy = 1.167 ft

dWU = 4.397 ft

Stabilizing Moment about Toe
MST = 23934.17 lb-ft/ft

Overturning Moment about Toe
MOT = 11697.92 lb-ft/ft

Resultant
ΣV = 4531.50 lb/ft
ΣH = 1134.68 lb/ft
ΣM = 12236.25 lb-ft/ft
XR = 2.70 ft

Resultant Ratio = 0.36

Sliding Stability Check
FS(SL) = 1.47 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 4531.5 lb
T = 1134.7 lb
α = 0.00 °
e = 1.05 ft

 = 5.40 ft
δ = 14.06 ° (Figure 5-1)
γ' = 57.6 pcf
D = 3.5 ft

qo = 201.6 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.203 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.102 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.102 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.712 [5-5a]
ξci = 0.712 [5-5a]
ξγi = 0.192 [5-5b]

Q = 10305.44 lb [5-2]
FS = 2.27 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 5' to 6' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 8 ft

Dh = 2 ft
Dt = 2 ft

tftg = 1.5 ft
Ah = 5 ft
C = 2.5 ft

twall = 1.5 ft
B = 9 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 1800.0 lb/lf weight of the stem of wall

Wftg = 2025.0 lb/lf weight of the footing of wall
Wst = 600.0 lb/lf weight of the soil above toe
Wsh = 576.0 lb/lf weight of the soil above heel

Wwh = 2496.0 lb/lf weight of the water above heel
WG = 7497.0 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 1684.8 lb/lf total uplift forces acting upward

Sliding Forces
faw = 2815.80 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 143.19 lb/lf active saturated soil force over heel
fS = 2958.99 lb/lf total sliding forces

Resisting Forces
fpbuoy = 869.27 lb/lf passive saturated soil force over toe

fpw = 382.20 lb/lf lateral hydrostatic force from landside
ffr = 2998.80 lb/lf friction force between the footing and the soil
fR = 4250.27 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 3.25 ft
dWftg = 4.5 ft
dWst = 1.25 ft
dWsh = 6.5 ft
dWwh = 6.5 ft

dfpbuoy = dfpw = 1.2 ft
Moment Arms of Overturing Moment

dfaw = 3.167 ft
dfabuoy = 1.167 ft

dWU = 5.344 ft

Stabilizing Moment about Toe
MST = 37140.55 lb-ft/ft

Overturning Moment about Toe
MOT = 18086.90 lb-ft/ft

Resultant
ΣV = 5812.20 lb/ft
ΣH = 1291.28 lb/ft
ΣM = 19053.65 lb-ft/ft
XR = 3.28 ft

Resultant Ratio = 0.36

Sliding Stability Check
FS(SL) = 1.44 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 5812.2 lb
T = 1291.3 lb
α = 0.00 °
e = 1.22 ft

 = 6.56 ft
δ = 12.53 ° (Figure 5-1)
γ' = 57.6 pcf
D = 3.5 ft

qo = 201.6 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.168 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.084 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.084 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.741 [5-5a]
ξci = 0.741 [5-5a]
ξγi = 0.249 [5-5b]

Q = 13578.28 lb [5-2]
FS = 2.34 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 6' to 7' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 9 ft

Dh = 2 ft
Dt = 2 ft

tftg = 2 ft
Ah = 6.5 ft
C = 3 ft

twall = 1.5 ft
B = 11 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 2025.0 lb/lf weight of the stem of wall

Wftg = 3300.0 lb/lf weight of the footing of wall
Wst = 720.0 lb/lf weight of the soil above toe
Wsh = 748.8 lb/lf weight of the soil above heel

Wwh = 3650.4 lb/lf weight of the water above heel
WG = 10444.2 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 2402.4 lb/lf total uplift forces acting upward

Sliding Forces
faw = 3775.20 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 187.02 lb/lf active saturated soil force over heel
fS = 3962.22 lb/lf total sliding forces

Resisting Forces
fpbuoy = 1135.37 lb/lf passive saturated soil force over toe

fpw = 499.20 lb/lf lateral hydrostatic force from landside
ffr = 4177.68 lb/lf friction force between the footing and the soil
fR = 5812.25 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 3.75 ft
dWftg = 5.5 ft
dWst = 1.5 ft
dWsh = 7.75 ft
dWwh = 7.75 ft

dfpbuoy = dfpw = 1.3 ft
Moment Arms of Overturing Moment

dfaw = 3.667 ft
dfabuoy = 1.333 ft

dWU = 6.561 ft

Stabilizing Moment about Toe
MST = 63096.98 lb-ft/ft

Overturning Moment about Toe
MOT = 29854.88 lb-ft/ft

Resultant
ΣV = 8041.80 lb/ft
ΣH = 1850.03 lb/ft
ΣM = 33242.10 lb-ft/ft
XR = 4.13 ft

Resultant Ratio = 0.38

Sliding Stability Check
FS(SL) = 1.47 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 8041.8 lb
T = 1850.0 lb
α = 0.00 °
e = 1.37 ft

 = 8.27 ft
δ = 12.96 ° (Figure 5-1)
γ' = 57.6 pcf
D = 4 ft

qo = 230.4 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.152 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.076 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.076 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.733 [5-5a]
ξci = 0.733 [5-5a]
ξγi = 0.232 [5-5b]

Q = 19339.14 lb [5-2]
FS = 2.40 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 7' to 8' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 10 ft

Dh = 2 ft
Dt = 2 ft

tftg = 2 ft
Ah = 7.5 ft
C = 3.5 ft

twall = 1.5 ft
B = 12.5 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 2250.0 lb/lf weight of the stem of wall

Wftg = 3750.0 lb/lf weight of the footing of wall
Wst = 840.0 lb/lf weight of the soil above toe
Wsh = 864.0 lb/lf weight of the soil above heel

Wwh = 4680.0 lb/lf weight of the water above heel
WG = 12384.0 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 3120.0 lb/lf total uplift forces acting upward

Sliding Forces
faw = 4492.80 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 187.02 lb/lf active saturated soil force over heel
fS = 4679.82 lb/lf total sliding forces

Resisting Forces
fpbuoy = 1135.37 lb/lf passive saturated soil force over toe

fpw = 499.20 lb/lf lateral hydrostatic force from landside
ffr = 4953.60 lb/lf friction force between the footing and the soil
fR = 6588.17 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 4.25 ft
dWftg = 6.25 ft
dWst = 1.75 ft
dWsh = 8.75 ft
dWwh = 8.75 ft

dfpbuoy = dfpw = 1.3 ft
Moment Arms of Overturing Moment

dfaw = 4.000 ft
dfabuoy = 1.333 ft

dWU = 7.520 ft

Stabilizing Moment about Toe
MST = 85159.43 lb-ft/ft

Overturning Moment about Toe
MOT = 41683.97 lb-ft/ft

Resultant
ΣV = 9264.00 lb/ft
ΣH = 1908.35 lb/ft
ΣM = 43475.45 lb-ft/ft
XR = 4.69 ft

Resultant Ratio = 0.38

Sliding Stability Check
FS(SL) = 1.41 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 9264.0 lb
T = 1908.4 lb
α = 0.00 °
e = 1.56 ft

 = 9.39 ft
δ = 11.64 ° (Figure 5-1)
γ' = 57.6 pcf
D = 4 ft

qo = 230.4 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.134 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.067 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.067 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.758 [5-5a]
ξci = 0.758 [5-5a]
ξγi = 0.286 [5-5b]

Q = 23877.91 lb [5-2]
FS = 2.58 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 8' to 9' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 11 ft

Dh = 2 ft
Dt = 2 ft

tftg = 2.5 ft
Ah = 8 ft
C = 4 ft

twall = 2 ft
B = 14 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 3300.0 lb/lf weight of the stem of wall

Wftg = 5250.0 lb/lf weight of the footing of wall
Wst = 960.0 lb/lf weight of the soil above toe
Wsh = 921.6 lb/lf weight of the soil above heel

Wwh = 5491.2 lb/lf weight of the water above heel
WG = 15922.8 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 3931.2 lb/lf total uplift forces acting upward

Sliding Forces
faw = 5686.20 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 236.70 lb/lf active saturated soil force over heel
fS = 5922.90 lb/lf total sliding forces

Resisting Forces
fpbuoy = 1436.95 lb/lf passive saturated soil force over toe

fpw = 631.80 lb/lf lateral hydrostatic force from landside
ffr = 6369.12 lb/lf friction force between the footing and the soil
fR = 8437.87 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 5 ft
dWftg = 7 ft
dWst = 2 ft
dWsh = 10 ft
dWwh = 10 ft

dfpbuoy = dfpw = 1.5 ft
Moment Arms of Overturing Moment

dfaw = 4.500 ft
dfabuoy = 1.500 ft

dWU = 8.420 ft

Stabilizing Moment about Toe
MST = 122401.13 lb-ft/ft

Overturning Moment about Toe
MOT = 59044.79 lb-ft/ft

Resultant
ΣV = 11991.60 lb/ft
ΣH = 2514.98 lb/ft
ΣM = 63356.34 lb-ft/ft
XR = 5.28 ft

Resultant Ratio = 0.38

Sliding Stability Check
FS(SL) = 1.42 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 11991.6 lb
T = 2515.0 lb
α = 0.00 °
e = 1.72 ft

 = 10.57 ft
δ = 11.84 ° (Figure 5-1)
γ' = 57.6 pcf
D = 4.5 ft

qo = 259.2 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.134 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.067 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.067 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.754 [5-5a]
ξci = 0.754 [5-5a]
ξγi = 0.277 [5-5b]

Q = 29920.62 lb [5-2]
FS = 2.50 [5-1] Acceptable

+
+

+

ഥ



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Flood Wall (T-wall) Design 9' to 10' JOB NO.

COMPUTED BY: YK CHECKED BY: LC DATE 03/09/18

Parameters
H = 12 ft

Dh = 2 ft
Dt = 2 ft

tftg = 2.5 ft
Ah = 9 ft
C = 5 ft

twall = 2 ft
B = 16 ft

γconc = 150 pcf unit weight of concrete (pcf)
γw = 62.4 pcf specific weight of water (pcf)
γsoil = 120 pcf unit weight of the soil (pcf)
γbuoy = 57.6 pcf specific weight of submerged soil (pcf)

Soil Area 3
Φ = 25 ° internal friction angle of drained soil
Kp = 2.46 passive soil pressure coefficient
Ka = 0.41 active soil pressure coefficient
μ = 0.40 coefficient of friction between the footing and the soil

Load Case I2 from EM 1110-2-2502 Table 4-2
Sliding F.S. = 1.33

Overturning Base Area in Compression = 75 %
Bearing F.S. = 2



Gravity Forces acting downaward
Wwall = 3600.0 lb/lf weight of the stem of wall

Wftg = 6000.0 lb/lf weight of the footing of wall
Wst = 1200.0 lb/lf weight of the soil above toe
Wsh = 1036.8 lb/lf weight of the soil above heel

Wwh = 6739.2 lb/lf weight of the water above heel
WG = 18576.0 lb/lf total gravity forces acting downward

Uplift Forces acting upward
WU = 4992.0 lb/lf total uplift forces acting upward

Sliding Forces
faw = 6559.80 lb/lf lateral hydrostatic force due to standing water from riverside

fabuoy = 236.70 lb/lf active saturated soil force over heel
fS = 6796.50 lb/lf total sliding forces

Resisting Forces
fpbuoy = 1436.95 lb/lf passive saturated soil force over toe

fpw = 631.80 lb/lf lateral hydrostatic force from landside
ffr = 7430.40 lb/lf friction force between the footing and the soil
fR = 9499.15 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 6 ft
dWftg = 8 ft
dWst = 2.5 ft
dWsh = 11.5 ft
dWwh = 11.5 ft

dfpbuoy = dfpw = 1.5 ft
Moment Arms of Overturing Moment

dfaw = 4.833 ft
dfabuoy = 1.500 ft

dWU = 9.707 ft

Stabilizing Moment about Toe
MST = 165127.13 lb-ft/ft

Overturning Moment about Toe
MOT = 80516.43 lb-ft/ft

Resultant
ΣV = 13584.00 lb/ft
ΣH = 2702.66 lb/ft
ΣM = 84610.71 lb-ft/ft
XR = 6.23 ft

Resultant Ratio = 0.39

Sliding Stability Check
FS(SL) = 1.40 Acceptable

Overturning Stability Check
Base Area in Compression = 100 % Acceptable

Bearing Capacity Check (from EM 1110-2-2502, Department of the Army, U. S. Army Corps of Engineers)
N' = 13584.0 lb
T = 2702.7 lb
α = 0.00 °
e = 1.77 ft

 = 12.46 ft
δ = 11.25 ° (Figure 5-1)
γ' = 57.6 pcf
D = 4.5 ft

qo = 259.2 psf [5-8a]
β = 0 °

Nq = 10.662 [5-3a] ξqt = 1 [5-6a]
Nc = 20.721 [5-3b] ξγt = 1 [5-6a]
Nγ = 6.766 [5-3d] ξct = 1 [5-6c]
ξcd = 1.113 [5-4a] ξγg = 1 [5-7a]
ξqd = 1.057 [5-4c] ξqg = 1 [5-7a]
ξγd = 1.057 [5-4c] ξcg = 1 [5-7d]
ξqi = 0.766 [5-5a]
ξci = 0.766 [5-5a]
ξγi = 0.302 [5-5b]

Q = 37513.36 lb [5-2]
FS = 2.76 [5-1] Acceptable

+
+

+

ഥ



Appendix C2-B

Concrete Retaining Wall Design for 25’-wide Cantilever Walkway Option 1



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Concrete Reatining Wall Design for Cantilever Walkway Option 1 JOB NO.

COMPUTED BY: YK CHECKED BY: DATE 10/13/17

Parameters
H = 8 ft

Dh = 1 ft
Dt = 1 ft

tftg = 2 ft
A = 4 ft
C = 2 ft

twall = 1 ft
B = 7 ft
t = 1 ft
h = 7 ft

γconc = 150 pcf unit weight of concrete (pcf)
γlightsoil = 60 pcf unit weight of light soil (pcf)

γsoil = 120 pcf unit weight of soil (pcf)
φ = 25 ° internal friction angle of soil

φ,light = 40 ° internal friction angle of light soil
Soil Area 3

Kp = 2.46 passive pressure coefficient of soil
Ka = 0.41 active pressure coefficient of soil

Kp,light = 4.60 passive pressure coefficient of light soil
Ka,light = 0.22 active pressure coefficient of light soil

qallowable = 1420 psf allowable soil bearing pressure below the footing
μ = 0.5 coefficient of friction between the footing and the soil

Live Load on walkway = 310 psf walkway (60 psf) + driveway (250 psf)
Dead Load on walkway = 150 psf weight of concrete slab

S (Surcharge on walkway) = 460 psf LL + DL



Gravity Forces acting downaward
Wwall = 1350.0 lb/lf weight of the stem of wall

Wftg = 2100.0 lb/lf weight of the footing of wall
Wst = 240.0 lb/lf weight of the soil above toe
Wsh = 480.0 lb/lf weight of the soil above heel

Wwh = 1680.0 lb/lf weight of the light soil above heel
Wc = 600.0 lb/lf weight of the concrete slab above light soil
WG = 6450.0 lb/lf total gravity forces acting downward

Sliding Forces
falight = 319.64 lb/lf active lightweight soil force

fasoil,1 = 273.98 lb/lf active soil force rectangular
fasoil,2 = 219.16 lb/lf active soil force triangular

faconcrete = 1000.24 lb/lf lateral force by concrete (surcharge effect)
fS = 1813.02 lb/lf total sliding forces

Resisting Forces
fp = 1330.51 lb/lf passive soil force
ffr = 3225.00 lb/lf friction force between the footing and the soil
fR = 4555.51 lb/lf total resisting forces

Moment Arms from Toe
Moment Arms of Stabilizing Moment

dWwall = 2.5 ft
dWftg = 3.5 ft
dWst = 1 ft
dWsh = 5 ft
dWwh = 5 ft

dWc = 5 ft
dfp = 1 ft

Moment Arms of Overturing Moment
dfalight = 5.3 ft

dfasoil,1 = 1.5 ft
dfasoil,2 = 2 ft

dfaconcrete = 5 ft

Stabilizing Moment about Toe
MST = 26095.51 lb-ft/ft

Overturning Moment about Toe
MOT = 7482.18 lb-ft/ft

Eccentricity
e = 0.61 ft

Soil Pressure created by the Forces acting on the Wall
qtoe = 1406.53 psf soil pressure at toe

qheel = 436.33 psf soil pressure at heel

Sliding Stability Check
FS(SL) = 2.51 Acceptable

Overturning Stability Check
FS(OT) = 3.49 Acceptable

Soil Bearing Capacity Check
qallowable = 1420 psf

qmax = 1406.53 psf Acceptable



Appendix C2-C

Cantilever Walkway at Pumping Station Design



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Cantilever Walkway at Pumping Station JOB NO.

COMPUTED BY: YK CHECKED BY: DATE 10/17/17

Material Properties
γc = 150 pcf concrete density
fc' = 5 ksi 28 day compressive strength
fy = 60 ksi steel reinforcing stress
β1 = 0.8 ACI 318-14 Table 22.2.2.4.3
λ = 1 normal-weight concrete

Geometric Properties
W = 25 ft total width of walkway

L = 24 ft distance between columns

Loads
Dead Loads

Walkway Railing 10 plf

Live Loads
Walkway and Elevated Platforms 60 psf

Vehicular Driveway 250 psf



Slab Design

L = 24 ft

Reinforcement
Try # 8

Number of Rebars 8
db = 1 in

As,b = 6.28 in2

Loads
Dead Loads

Concrete 300 plf
Walkway railing 240 lb

Live Loads
Walkway and elevated platforms 1440 plf

Vehicular driveway 6000 plf

Mu = 252.20 ft-kips (From SAP-2000)
Vu = 121.68 kips (From SAP-2000)

Reaction at wall and column (Pu) = 203.09 kips (From SAP-2000)

Parameters
Try h = 12 in

Clear cover = 2 in ACI 318-14 Table 20.6.1.3.1
d = 9.5 in
a = 0.31 in

Moment Check
Mn = 293.61 ft-kips
φb = 0.9 ACI 318-14 Table 21.2.2

φbMn = 264.25 ft-kips
Mu = 252.20 ft-kips efficiency = 95.44%

Minimum Width
bmin = 19.3 in

L = 288 in

Steel Area Check
ρ = 0.0023

ρmax = 0.0212 Acceptable ρ when εt equals 0.005
ρmin = 0.0023 Acceptable ACI 318-14 Table 7.6.1.1

Spacing of Reinforcement Check (ACI 318-14 Chapter 25.2.1)
spacing,min = 1.00 in

spacing = 36.00 in

Shear Check
Vc = 386.93 kips ACI 318-14 Equation 22.5.5.1
φv = 0.75 ACI 318-14 Table 21.2.1

φvVc = 290.20 kips
Vu = 121.68 kips ACI 318-14 Chapter 7.6.3.1

Acceptable

Acceptable

Acceptable

Shear Stirrups Not Required



Wall Design

L = 24 ft

Transverse (Horizontal) Reinforcement
Try # 5

Spacing(st) = 12 in
dt = 0.625 in

Longitudinal (Vertical) Reinforcement
Try # 5

Spacing(sl) = 18 in
dl = 0.625 in

Loads (From SAP-2000)
Pu = 203.09 kips

Parameters
Try h = 12 in

Try hw = 9.5 ft

Clear cover = 3 in ACI 318-14 Table 20.6.1.3.1

Bearing Strength Check (ACI 318-14 Table 22.8.3.2 (c))
Bn = 14688.00 kips
φ = 0.65 ACI 318-14 Table 21.2.1

φBn = 9547.20 kips
Bu = 203.09 kips efficiency = 2.13%

Horizontal Length of Wall Considered as Effective for Resisting Each Concentrated Load (ACI 318-14 Chapter 11.2.3.1)
Leffective = 24 ft

Axial Compression Check
Ag = 3456 in2 gross area of the wall section
lc = 114 in vertical distance between supports
k = 0.8 effective length factor (ACI 318-14 Table 11.5.3.2)

Pn = 8967.9 kips ACI 318-14 Equation 11.5.3.1
φp = 0.65 ACI 318-14 Table 21.2.2

φpPn,max = 5829.14 kips
Pu = 203.09 kips efficiency = 3.48%

Minimum Wall Thickness (ACI 318-14 Table 11.3.1.1)
hmin = 4.56 in

h = 12.00 in

Spacing of Reinforcement Check (ACI 318-14 Chapter 11.7.2.1 & 11.7.3.1)
sl, max = 18 in Acceptable
st, max = 18 in Acceptable

Minimum Reinforcement Check (ACI 318-14 Table 11.6.1)
Longitudinal Reinforcement

ρl, min = 0.0012
As,l min = 0.173 in2/ft

As,l = 0.20 in2/ft

Transverse Reinforcement
ρt, min = 0.0020

As,t min = 0.288 in2/ft
As,t = 0.31 in2/ft

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable



Column Design

Ties
Try # 3

Number of Legs 2
Spacing between ties = 18 in

dt = 0.375 in
As,t = 0.22 in2

Longitudinal Reinforcement
Try # 9

Number of Rebars 6
db = 1.128 in

As,b = 6.00 in2

Loads (From SAP-2000)
Pu = 203.09 kips

Parameters
Try hc = 24 in
Try bc = 24 in

Clear cover = 3 in ACI 318-14 Table 20.6.1.3.1

Axial Compression Check
Ag = 576 in2 gross concrete area

Ast = 6.00 in2 total area of longitudinal reinforcement
Po = 2782.28 kips ACI 318-14 Equation 22.4.2.2

Pn,max = 2225.82 kips ACI 318-14 Table 22.4.2.1
φp = 0.65 ACI 318-14 Table 21.2.2

φpPn,max = 1446.78 kips
Pu = 203.09 kips efficiency = 14.04%

Number of Longitudinal Reinforcement Check (ACI 318-14 Chapter 10.7.3.1)
nmin = 4

n = 6

Size of Ties Check (ACI 318-14 Chapter 25.7.2.2)
Minimum Tie Size = 3

Tie Size = 3

Spacing of Ties Check (ACI 318-14 Table 9.7.6.2.2)
smax = 18 in

s = 18 in

Steel Area Check (ACI 318-14 Chapter 10.6.1.1)
Ast = 6.00 in2

Ast,max = 46.08 in2 Acceptable
Ast,min = 5.76 in2 Acceptable

Spacing of Longitudinal Reinforcement Check (ACI 318-14 Chapter 25.2.3)
spacing,min = 1.69 in

spacing = 6.93 in

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable
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Breaking Wave Loads Check for Column of Cantilever Walkway at Pumping Station











Appendix C2-E

Fluvial Park Elevated Walkway Concrete Frame Design



SUBJECT: Rebuild by Design Meadowlands SHEET NO.   OF
Fluvial Park Elevated Walkway Concrete Frame Design JOB NO.

COMPUTED BY: YK CHECKED BY: DATE 10/10/17

Material Properties
γc = 150 pcf concrete density
fc' = 5 ksi 28 day compressive strength
fy = 60 ksi steel reinforcing stress
β1 = 0.8 ACI 318-14 Table 22.2.2.4.3
λ = 1 normal-weight concrete

Geometric Properties
W = 25 ft total width of walkway

L = 24 ft distance between columns

Loads
Dead Loads

Wood 10 psf
Finishes 5 psf

Walkway Railing 10 plf

Live Loads
Walkway and Elevated Platforms 60 psf



Beam 1 Design

L1 = 24 ft
Tributary Width = 10 ft

Stirrups
Try # 3

Number of Legs 2
Spacing between ties = 10 in

dt = 0.375 in
As,t = 0.22 in2

Reinforcement
Try # 8

Number of Rebars 3
db = 1 in

As,b = 2.36 in2

Loads
Dead Loads

Wood 100 plf
Concrete 600 plf
Finishes 50 plf

Live Loads
Pedestrian bridge 600 plf

wu = 1.86 klf
Mu = 133.92 ft-kips
Vu = 22.32 kips

Parameters
Try h1 = 24 in
Try b1 = 24 in

Clear cover = 2 in ACI 318-14 Table 20.6.1.3.1
d1 = 21.125 in
a1 = 1.39 in

Moment Check
Mn = 240.71 ft-kips
φb = 0.9 ACI 318-14 Table 21.2.2

φbMn = 216.64 ft-kips
Mu = 133.92 ft-kips efficiency = 61.82%

Minimum Width
bmin = 9.3 in

b1 = 24 in

Steel Area Check
ρ = 0.0046

ρmax = 0.0212 Acceptable ρ when εt equals 0.005
ρmin = 0.0035 Acceptable ACI 318-14 Chapter 9.6.1.2

Spacing of Reinforcement Check (ACI 318-14 Chapter 25.2.1)
spacing,min = 1.00 in

spacing = 8.13 in

Shear Check
Vc = 71.70 kips ACI 318-14 Equation 22.5.5.1
φv = 0.75 ACI 318-14 Table 21.2.1

φvVc = 53.78 kips
Vu = 22.32 kips ACI 318-14 Chapter 9.6.3.1

Acceptable

Acceptable

Acceptable

Shear Stirrups Not Required



Beam 2 Design (Spandrel Beam: Torsion Considered)

L2 = 24 ft
Tributary Width = 2.5 ft

Stirrups
Try # 4

Number of Legs 2
Spacing between ties = 6 in

dt = 0.5 in
As,t = 0.39 in2

Reinforcement
Try # 6

Number of Rebars 3
db = 0.75 in

As,b = 1.33 in2

Loads
Dead Loads

Wood 25 plf
Concrete 337.5 plf
Finishes 12.5 plf

Walkway railing 10 plf

Live Loads
Pedestrian bridge 150 plf

wu = 0.70 klf
Mu = 50.54 ft-kips
Vu = 8.42 kips

Parameters
Try h2 = 18 in
Try b2 = 18 in

Clear cover = 2 in ACI 318-14 Table 20.6.1.3.1
d2 = 15.125 in
a2 = 1.04 in

Moment Check
Mn = 96.79 ft-kips
φb = 0.9 ACI 318-14 Table 21.2.2

φbMn = 87.11 ft-kips
Mu = 50.54 ft-kips efficiency = 58.02%

Minimum Width
bmin = 8.75 in

b2 = 18 in

Steel Area Check
ρ = 0.0049

ρmax = 0.0212 Acceptable ρ when εt equals 0.005
ρmin = 0.0035 Acceptable ACI 318-14 Chapter 9.6.1.2

Spacing of Reinforcement Check (ACI 318-14 Chapter 25.2.1)
spacing,min = 1.00 in

spacing = 5.38 in

Shear Check
Vc = 38.50 kips ACI 318-14 Equation 22.5.5.1
φv = 0.75 ACI 318-14 Table 21.2.1

φvVc = 28.88 kips
Vu = 8.42 kips ACI 318-14 Chapter 9.6.3.1

Acceptable

Acceptable

Acceptable

Shear Stirrups Not Required



Torsion Check
Walkway railing live loads

Uniform loads = 50 plf ASCE 7-10 Chapter 4.5.1
Concentrated loads = 200 lbs ASCE 7-10 Chapter 4.5.1

R = 42 in Walkway railing height
Tu = 7.84 ft-kips

x2 = 13.5 in horizontal distance between the centerline of the outermost closed stirrup
y2 = 13.5 in vertical distance between the centerline of the outermost closed stirrup

Acp = 324 in2 area enclosed by outside perimeter of concrete cross section
pcp = 72 in outside perimeter of concrete cross section
Aoh = 182.25 in2 area enclosed by cneterline of the outermost closed stirrup

Ao = 154.91 in2 gross area enclosed by the torsional shear flow path (0.85*Aoh)
ph = 54 in perimeter of the centerline of the outermost closed stirrup
θ = 45 ˚

At = 0.196 in2 area of one leg of a closed stirrup resisting torsion

Tth = 8.59 ft-kips ACI 318-14 Table 22.7.4.1(a)
φt = 0.75 ACI 318-14 Table 21.2.1

φtTth = 6.44 ft-kips
Tu = 7.84 ft-kips

Longitudinal torsional reinforcement
Try # 4

Number of Rebars 2
dl = 0.5 in diameter of longitudinal torsional reinforcement

As,l = 0.39 in2 area of longitudinal torsional reinforcement

Tn = 11.27 ft-kips ACI 318-14 Chapter 22.7.6.1
φt = 0.75 ACI 318-14 Table 21.2.1

φtTn = 8.45 ft-kips
Tu = 7.84 ft-kips efficiency = 92.79%

Cross-sectional limits check (ACI 318-14 Chapter 22.7.7.1)

= 95.14 psi

= 530.33 psi

Spacing of torsion stirrups check (ACI 318-14 Chapter 9.7.6.3.3)
smax = 6.75 in

s = 6 in

Minimum transverse torsional reinforcement check (ACI 318-14 Chapter 9.6.4.2)
At,min = 0.047729708 in2

At = 0.196 in2

Minimum longitudinal reinforcement check (ACI 318-14 Chapter 9.6.4.3)
Al,min = 0.14 in2

Al = 0.39 in2

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Torsion Stirrups Required



Girder Design (SAP-2000 Model used)

Lg = 25 ft

Stirrups
Try # 3

Number of Legs 2
Spacing between ties = 12 in

dt = 0.375 in
As,t = 0.22 in2

Reinforcement
Try # 7

Number of Rebars 3
db = 0.875 in

As,b = 1.80 in2

Loads (From SAP-2000)
Reactions from Dead Loads

RD from Beam 1 = 18 kips
RD from Beam 2 = 9.24 kips

Reactions from Live Loads
RL from Beam 1 = 14.4 kips
RL from Beam 2 = 3.6 kips

Mu = 92.68 ft-kips
Vu = 20.22 kips

Reaction at each column (Pu) = 69.93 kips

Parameters
Try hg = 30 in
Try bg = 18 in

Clear cover = 2 in ACI 318-14 Table 20.6.1.3.1
dg = 27.1875 in
ag = 1.41 in

Moment Check
Mn = 238.85 ft-kips
φb = 0.9 ACI 318-14 Table 21.2.2

φbMn = 214.96 ft-kips
Mu = 92.68 ft-kips efficiency = 43.11%

Minimum Width
bmin = 9.075 in

b1 = 18 in

Steel Area Check
ρ = 0.0037

ρmax = 0.0212 Acceptable ρ when εt equals 0.005
ρmin = 0.0035 Acceptable ACI 318-14 Chapter 9.6.1.2

Spacing of Reinforcement Check (ACI 318-14 Chapter 25.2.1)
spacing,min = 1.00 in

spacing = 5.31 in

Shear Check
Vc = 69.21 kips ACI 318-14 Equation 22.5.5.1
φv = 0.75 ACI 318-14 Table 21.2.1

φvVc = 51.91 kips
Vu = 20.22 kips ACI 318-14 Chapter 9.6.3.1

Acceptable

Acceptable

Shear Stirrups Not Required

Acceptable



Column Design

Ties
Try # 3

Number of Legs 2
Spacing between ties = 18 in

dt = 0.375 in
As,t = 0.22 in2

Longitudinal Reinforcement
Try # 9

Number of Rebars 6
db = 1.128 in

As,b = 6.00 in2

Loads (From SAP-2000)
Pu = 69.93 kips

Parameters
Try hc = 24 in
Try bc = 24 in

Clear cover = 3 in ACI 318-14 Table 20.6.1.3.1

Axial Compression Check
Ag = 576 in2 gross concrete area

Ast = 6.00 in2 total area of longitudinal reinforcement
Po = 2782.28 kips ACI 318-14 Equation 22.4.2.2

Pn,max = 2225.82 kips ACI 318-14 Table 22.4.2.1
φp = 0.65 ACI 318-14 Table 21.2.2

φpPn,max = 1446.78 kips
Pu = 69.93 kips efficiency = 4.83%

Number of Longitudinal Reinforcement Check (ACI 318-14 Chapter 10.7.3.1)
nmin = 4

n = 6

Size of Ties Check (ACI 318-14 Chapter 25.7.2.2)
Minimum Tie Size = 3

Tie Size = 3

Spacing of Ties Check (ACI 318-14 Table 9.7.6.2.2)
smax = 18 in

s = 18 in

Steel Area Check (ACI 318-14 Chapter 10.6.1.1)
Ast = 6.00 in2

Ast,max = 46.08 in2 Acceptable
Ast,min = 5.76 in2 Acceptable

Spacing of Longitudinal Reinforcement Check (ACI 318-14 Chapter 25.2.3)
spacing,min = 1.69 in

spacing = 6.93 in

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable
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Fluvial Park Elevated Walkway Footing Design
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1.0 Design Requirements 
A Recon Study of Berry’s Creek Option 1, surge barrier (floodgate) and pump station, was prepared to a 
level needed to develop a cost estimate for comparison purposes. The floodgate and pump station was 
part of the Rebuild by Design Meadowlands (RBDM) Flood Protection Project’s (the Proposed Project’s) 
Alternative 1 (Structural Flood Protection) system. The alternative was compared to several 
levee/floodwall solutions. Drawings of gates and pump stations with similar load conditions along with a 
stability analysis were used in preparing the Recon Plans. The stability analysis consisted of a pile 
foundation design. Only load cases that typically govern design were considered. A more detailed design 
would be required if a future re-evaluation led to the selection of the Surge Barrier option. 

The water stage of elevation 7.0 feet (referenced to the North American Vertical Datum of 1988 [NAVD 
88] was used as the design stage for the Alternative 1, Berry’s Creek Option 1 system. This stage does 
not meet the 1 percent storm event criteria mandated for Federal Emergency Management Agency 
(FEMA) Certification. An elevation of 7.0 feet (NAVD 88) was selected largely for economic reasons. In 
holding 7.0 feet (NAVD 88), the Paterson Plank Road (Route 120) embankment and adjacent higher 
natural ground would provide a shorter line of protection, thus reducing the overall cost of the Proposed 
Project. The floodgate and pump stations were considered critical structures and were designed adding 3 
feet of freeboard above the system design stage. This adjustment in elevation satisfied the 2.6 feet future 
Sea Level Rise and also complies with the 3 feet increase over the Base Flood Elevation as specified in 
33 Code of Federal Regulations (CFR) 65.10. The floodgate width of 100 feet (two 50 feet gates) matched 
the existing width of Berry’s Creek channel immediately south of the Paterson Plank Road Bridge. The 
1,000 cubic feet per second (cfs) pump capacity was estimated based on Hydrologic Engineering Center 
– Hydrologic Modeling System (HEC-HMS) modeling of Berry’s Creek drainage area under the design 
events. A detailed drainage study would be required if this option is advanced. The pumps are only used 
when the floodgates are closed. The pumps prevent the protected side stage from increasing due to 
impounded water. There are no navigation demands. Approach guide walls and fenders were not 
required.     
2.0 Existing Conditions and Site Selection 
The site for the Berry’s Creek surge barrier protection located to the flood side of Paterson Plank Road 
was selected for four main reasons (see Figure C3-1). The site allows for an easy tie into the Paterson 
Plank embankment which would act as a permanent levee. The width of Berry’s Creek is narrower and 
the channel invert higher than other sections along Berry’s Creek. Also, a trucking lot to the west of 
Berry’s Creek canal has adequate acreage to construct the complex in its entirety; only one property 
would need to be acquired. Lastly, the close proximity to Paterson Plank Road allows easy access for 
construction and future maintenance.    

The ground elevation ranges from 5.0 to 7.0 feet (NAVD 88) on both banks of Berry’s Creek as shown 
below. The channel invert is at -9.6 feet (NAVD 88). The soil profile consists of a combination of fill and 
organic upper layer, followed by a thin sand strata with clay extending down to glacial till at a depth of 80 
feet. The elevation of bedrock ranges from 80 to 100 feet below ground. The pile foundation would tip in 
bedrock.  
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Figure C3-1: Example Contours at Berry’s Creek Surge Barrier Site 

3.0 Pump Selection  
Submersible and vertical lift pumps were considered. The low head, high capacity vertical lift pump was 
recommended for the Proposed Project. The pumps would be self-priming. The 1,000 cfs drainage would 
require three 350 cfs pumps, intakes are 96-inch diameter pipe. Pumps would be electric powered with a 
backup diesel or natural gas generator. The concrete intake basin invert would be at -16 feet (NAVD 88). 
The open bell intake was selected as a cost saving measure. The more proficient formed suction intake 
should be evaluated in the detailed design. The pumps would be housed in a pre-engineered metal 
building designed to withstand hurricane force winds. The building would enclose the pumping equipment 
and control office. The pump station and intake basin are pile founded, as shown in Figure C3-2. A more 
economical pump station design was also considered. The alternative station is similar to the more 
durable alternative except that the intake basin would be directly below the pump station and would 
include a minimal pre-engineered shelter that houses four 250 cfs vertical lift pumps powered by diesel 
engines. The intake basin walls would be constructed of driven sheet piling which also serves as the 
braced excavation. The base would be a pile supported concrete slab. The maintenance costs for the 
alternative are therefore greater.    

If advanced, the pump capacity would require modeling to assure the station functions at its designed 
capacity without cavitation and flow regime issues to the pumps. This would lend itself to Computational 
Fluid Dynamics Model (CFD) done to confirm that the flow to the station and that the flows would be 
laminar and not turbulent and of sufficient capacity and velocity for the various storm events for which the 
station is being designed. The model could be quickly accomplished and helps to define the inlet 
geometry and overall configuration leading to the station.   

Berry’s Creek 
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Figure C3-2: Schematic of Pump 

 
As noted above for the pump types, electric, fuel oil, and/or natural gas could be options for the types of 
engines driving the pumps. Therefore, consideration for the types of fuel and storage needs to be further 
investigated. Commercial electrical power would be considered the primary source, a backup generator is 
recommended to operate the system should power be unavailable during a storm event. The backup 
generator would provide power to both the pumps and the floodgate. Trash racks would also be required; 
the type can range from simple, fixed trash grates to catenary type mechanized systems. 

4.0 Flood Gate Selection 
Several gate types were considered. They include tainter, vertical lift, sluice, and a floating barge gate. 
Miter gates were not considered due to the presence of reverse heads. The miter gate only operates 
under a static condition as found in a lock where the chamber stage is adjusted to create a steady state 
condition. The torque tube, as well as any bottom hinged gate, was not considered due to the concern for 
siltation. High degrees of sediment affect operability and greatly increase maintenance cost. The floating 
barge gate has lower first costs, but is difficult to operate and like the miter gate and only operates 
smoothly in a static head condition. The floating gate is more economical, but less reliable, durable, and 
operable than the tainter gate. The tainter gate and vertical lift gates cost and footprint are similar. The 
tainter gate was selected for the Proposed Project as it has a long history of successful long, lasting 
operation and is the most dominant gate type found on hydraulic structures operated by the United States 
Army Corps of Engineers (USACE) and Bureau of Reclamation.    

The tainter gate would be a truss-frames with all the water load placed on the hinge bushing, which is 
located high above the water. The tainter is commonly used for drainage structures and spillways where 
overhead obstruction of the hinge axis is not a concern. Tainter gates are not common where marine 
traffic is present as the tainter gate, even in the raised position, presents an overhead obstruction. The 
minimal recreational marine traffic at Berry’s Creek is not a factor when considering the tainter gate. The 
tainter gate can be used to pass direct or reverse flows and can resist significant heads from both 
directions. The tainter gate can be readily operated against a reverse head and can be opened regardless 
of the level of impounded rainfall. This is a consideration if internal pump capacity is minimal and draining 
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trapped water is a design consideration. The tainter gate would be supported in a reinforced concrete 
monolith that is pile founded. The gate hinge would be mounted to a concrete trunnion that would be built 
into the monolith piers. The trunnion would be located above the high water stage. Either a cable drive or 
hydraulic struts would operate the gates. Piers would be built to an elevation to allow full operation of the 
struts or cables and to support the winch or strut hydraulics. Gate operations would be controlled from an 
operating room built into the adjacent pump station. The backup power would be supplied by the pump 
station generator.    

A lower cost sluice gate alternative was also considered. The sluice gate housing would be an all-steel 
construction. The gate structure would be constructed in the wet and no braced excavation would be 
required. Support bents would be all-welded pipe trusses with steel sheet piles providing the closure 
walls. The gate sill would be a concrete sill tremied between two rows of sheet piling approximately 10 
feet wide. The first cost would be less than the conventional, concrete flood gate. The maintenance of the 
steel frames both below water and in the splash zone would require a significant amount of inspection 
and repairs during the life of the structure.   

5.0 Structural Analysis and Design 
5.1  General 

This design criterion includes a general description and definition of the basic structural design criteria 
that would control the design of the pump station and flood gate at the Berry’s Creek Surge Barrier. The 
design elements defined herein represent a recon level conceptual design using the best available 
information and representative projects. A thorough analysis was not conducted.  

5.2  Codes and Standards 

The following is a list of general references and industry codes and standards which are applicable to 
structural design. Local codes would govern in case of conflicting requirements. All of the general codes 
and standards listed below apply to design elements, such as the pump station, operations/control 
buildings, and bridge, but are not necessarily limited to, the following:  

• American Association of State Highway and Transportation Officials (AASHTO), Load and 
Resistance Factor Design (LRFD) 3rd Edition, 2004 with Interim Revisions excluding 
Section 6 of 2006 

• American Concrete Institute (ACI) 318-14, Building Code Requirements for Structural 
Concrete 

• ACI 350R-06, Concrete Sanitary Engineering Structures 

• American Institute of Steel Construction, Inc. (AISC), Manual of Steel Construction, 14th 
Edition 

• American Society of Civil Engineers (ASCE) 7-10, Minimum Design Loads for Buildings 
and Other Structures 

• International Code Council (ICC), International Building Code New Jersey Edition: 2015 

• American Society for Testing and Materials (ASTM) 

• American Welding Society (AWS) D1.1-10, Structural Welding Code, or latest edition 

• AWS D1.6-10, Stainless Steel Welding Code, or latest edition 
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• USACE Engineer Manual (EM) 1110-2-2000 Standard Practice for Concrete for Civil 
Works Structures 

• USACE EM 1110-2-2102, Water Stops and Other Preformed Joint Material for civil Works 
Structures 

• USACE EM 1110-2-2104, Strength Design for Reinforced Concrete Hydraulic Structures 

• USACE EM 1110-2-2100, Stability Analysis of Concrete Structures 

• USACE EM 1110-2-2502, Retaining and Flood Walls 

• USACE EM 1110-2-2906, Design of Pile Foundations 

• USACE EM 1110-2-3104, Structural and Architectural Design of Pumping Stations 

• USACE Engineer Technical Letter (ETL) 1110-2-584, Design of Hydraulic Steel Structures 

• 44 CFR 65.10, FEMA Levee Mapping and Certification 

5.3 General Design Load Parameters 

5.3.1 Load Combinations 

Structures, components, and foundations shall be designed so that their design strength equals or 
exceeds the effects of the factored loads in USACE EM1110-2-2104 or ASCE 7-10. Load combinations 
per EM 1110-2-2104 would be applicable to Berry’s Creek and are listed in Table C3-1: 

Table C3-1: Strength Load Combinations (Concrete Design) 

Load 
Combinations 

Strength Design U=Rf*Hf*(D+L+…)  
Reduction 

Factor 
(Rf) 

Hydraulic 
Factor 

(Hf) 
Dead 
(D) 

Live 
(L) 

Hydro- 
Static 

(H) 
Uplift 

(U) 
Wind 
(W) 

Soil 
(S) 

Settle- 
ment 
(ST) 

Impact 
(I) 

Construction 
Construction 

Condition A1 0.86 1.3 1.7 - - - 1.7 - 1.7 - 

Operation 
Normal 

Operation 
Condition 

B1 1 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

Start-up  
Condition B2 1 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

High Head 
Condition B3 1 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

Reverse Head B4 0.86 1.3 1.7 1.7 1.7 1.7  1.7 - 1.7 
Hurricane 

Storm Surge 
Condition C1 0.75 1.3 1.7 1.7 1.7 1.7 1.7 1.7 - 1.7 

Maintenance 
Maintenance  
Conditions D1 0.86 1.3 1.7 1.7 1.7 1.7 - 1.7 - 1.7 

5.3.2 Hydraulic Stages  

See Table C3-2 for hydrulic stages and designed water surface elevations (in feet NAVD 88). 
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Table C3-2: Hydraulic Stages and Design Water Surface Elevations 

Stage 
Flood Side 

(elevation feet 
NAVD 88) 

Protected 
Side(elevation feet 

NAVD 88)  
Normal 1.0 1.0 

Max. Direct Water* 7.0 0.0 
Max. Reverse Water 0.0 5.0 

* Stages do not meet the 100-year levels required for FEMA Certification 

5.3.3 Dead Loads (D) 

Dead loads will be determined in accordance with applicable engineering manuals and ASCE 7-10, and 
will include the self-weight of all permanent construction components including foundations, slabs, walls, 
roofs, actual weights of equipment, overburden pressures, and all permanent non-removable stationary 
construction (see Table C3-3). 

Table C3-3: Unit Weights 

Item Weight 
[Pcf] 

Water (Fresh) 62.4 
Semi-compacted Fill 110 

Fully Compacted Granular Fill, wet 120 
Fully Compacted Granular Fill, Effective 58 

Fully Compacted Clay Fill, wet 110 
Fully Compacted Clay Fill, Effective 48 

Riprap 130 
Silt 94 

Reinforced Concrete (Normal weight) 150 
Steel 490 

pcf = per cubic foot 

5.3.4 Live Loads (L) 

Live loads for building structures will be determined in accordance with applicable engineering manuals 
and ASCE 7-10. 

5.3.4.1 Roof Live Loads 

Roof Live Loads are as follows: 

• Roof Live Loads: 60 per square foot (psf)  

5.3.4.2 Equipment weight  

Equipment weights were not included in the recon design stability analysis. Equipment weights will be 
included in a detailed design, the effects of vibrations shall be included in the design of the pump 
supports. To help dampen vibration, equipment would be supported on concrete having a weight at least 3 
times the total weight of the equipment or 15 times the rotating weight, whichever is greater. Vibration 
during the pumps operation would include a dynamic factor of 1.3. A refined analytical approach will be 
performed if required.   



                                                                                                                                              

Subappendix C3

  

Rebuild by Design Meadowlands Flood Protection Project  Final Feasibility Study Report  |  C3-7 
 

5.3.4.3 Floor Live Loads 

Floor Live Loads are as follows: 

• Minimum unless noted otherwise: 100 psf 

• Grating floors: 100 psf or a 200-pound concentrated load 

• Stairs and landings: 100 psf or a 200-pound concentrated load 

• Operating Floors: 250 psf  

• Equipment and Storage Rooms: 300 psf 

• Control room: 125 psf 

• Service Bridge: The minimum condition of the following vehicles: 50 tons crane or 
AASHTO H-20 truck. 

5.3.4.4 Live Load Surcharge (LS) 

A minimum vertical live load surcharge of 200 psf will be applied on floor slab and base slab during 
construction. 

A minimum horizontal live load surcharge of 300 psf will be applied to all abutment walls and wing walls of 
hydraulic structures in addition to other live loads that may be applicable in accordance with AASHTO. 

5.3.5 Soil Pressures (S) 

Structures are designed for lateral and vertical soil pressures. Lateral pressures are determined using the 
at-rest coefficients, K0 obtained from the Geotechnical Report: 

• Lateral Soils at-rest Pressure Coefficients: 

o K0 = 0.8 for Clay; and 

o K0 = 0.48 for Granular Material. 

Per Naval Facilities Engineering Command (NAVFAC) Design Manual (DM) 7.2, the following coefficients 
of friction are recommended: 

• Mass Concrete on Rock: tan(35) = 0.70; 

• Mass Concrete on Medium Clays: tan(18) = 0.32; and 

• Mass Concrete on Medium Sands: tan(26) = 0.48. 

Per the values of K0 provided above, Active and Passive Earth Pressure Coefficients have been 
determined as follows: 

• Clays:   

o K0=0.8, the corresponding friction angle is Ø =11.54° (K0=1-sin(Ø)) 

o Assume level backfill, and use Rankine Theory 

o Ka=tan2(45-Ø/2) = tan2(45-11.54/2) = 0.667 

o Kp=tan2(45+Ø/2) = tan2(45+11.54/2) = 1.500 

• Granular Material: 
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o K0=0.48, the corresponding friction angle is Ø =31.6° (K0=1-sin(Ø)) 

o Assume level backfill, and use Rankine Theory 

o Ka=tan2(45-Ø/2) = tan2(45-31.6/2) = 0.316 

o Kp=tan2(45+Ø/2) = tan2(45+31.6/2) = 3.170. 

5.3.6 Hydrostatic Loads (H) 

Hydrostatic loads for which structures will be designed refer to the vertical and horizontal loads induced 
by a static water head and buoyant pressures, excluding uplift pressures. Dynamic Wave Load is 
neglected in this RECON Design but must be considered in advanced design. The inland location would 
preclude a wind driven wave. 

5.3.7 Uplift Loads (U) 

Uplift loads for which structures will be designed are defined by two uplift conditions: Uplift Condition A, 
assumes the sheet pile cutoff wall is fully effective, and Uplift Condition B, assumes the sheet pile cutoff 
wall is ineffective (pressure assumed to be vary linearly across the base). The dewatered construction 
case may govern; however, a reduced load factor should be considered for the short-term loading. 

5.3.8 Wind Loads (W) 

Structures are designed for wind loads established by ASCE No. 7, “Minimum Design Loads for Buildings 
and Other Structures.”   

5.3.9 Impact Loads (I) 

Elements supporting reciprocating or rotating equipment and cranes proper allowance, or as determined 
by analysis, will be made for impact in addition to other loads. The following minimum impact loads shall 
be used:  

• Traveling cranes and hoists: 25 percent of the lifted loads;  

• Rotating equipment: 20 percent of the total machine weight;  

• Reciprocating equipment: 50 percent of the total machine weight (consideration will be 
given to the deflection of beams supporting reciprocating and rotating machines); and  

• The use of isolators can be considered in reducing the effects of machinery impact (the 
reduction shall be based on manufacturers’ recommendations). 

5.3.9.1 Operational Impact Loads 

Elements supporting reciprocating or rotating equipment and cranes proper allowance, or as determined 
by analysis, will be made for impact in addition to other loads. The following minimum impact loads shall 
be used: 

• Traveling cranes and hoists: 25 percent of the lifted loads; 

• Rotating equipment: 20 percent of the total machine weight; 

• Reciprocating equipment: 50 percent of the total machine weight (consideration will be 
given to the deflection of beams supporting reciprocating and rotating machines); and 
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• The use of isolators can be considered in reducing the effects of machinery impact (the 
reduction shall be based on manufacturers recommendations). 

5.3.9.2  Pedestrian Railing Loads 

Pedestrian railing loads are as follows: 

• 200 pounds (minimum) concentrated load at top of railing in any direction and any location; 

• 50 pounds per feet transverse and vertical simultaneously on all longitudinal members 
(rails).=; and 

• 50 pounds per feet x post spacing at height to center of top rail at each post. 

5.3.10 Access Bridge  

Access bridge will be designed per AASHTO for highway truck railing loadings.  

5.3.11 Settlement Loads (ST)  

Structures are designed for forces generated by settlement (downdrag) in coordination with the 
Geotechnical Design. Downdrag forces are applied to sustained load cases (i.e., construction). The 
downdrag force exerted by settling soil adjacent to the proposed pump station and floodgate is applied to 
the perimeter of the structure. Downdrag forces are also included in the structural check of the piles. 
Downdrag loads are obtained from the geotechnical engineer on a case-by-case basis as applicable. An 
explanation of the computation of downdrag forces on piles is provided in the Geotechnical Report. 

5.4 Concrete Design Criteria 

Concrete structures that would be permanently exposed to water and the splash zone will be designed in 
accordance with EM 1110-2-2104 or the ACI 350R Concrete Sanitary Engineering Structures and would 
comply with the ACI 318 latest edition strength design method, unless otherwise required. Concrete 
structures that would not be exposed to water, nor harsh environment, will be designed in accordance 
with ACI-318-14. Typical design materials are as follows unless otherwise noted: 

• Structural concrete: 5,000 pounds per square inch (psi) @ 28 days with a maximum 
water/cement ratio = 0.40; and 

• Steel reinforcement: 60,000 psi (ASTM A615). 

5.5 Steel Design Criteria 

Steel design shall utilize the ETL 1110-2-584 and the AISC Steel Construction Manual, 15th edition. Either 
Allowable Strength Design (ASD) or LRFD design methods are permissible. Typical design materials are 
as follows unless otherwise noted: 

• Structural steel rolled shapes: ASTM 572, Grade 50 or ASTM A992, Grade 50 

• Plates: ASTM A36, Grade 36 

• Bolts and nuts: ASTM A325, min. ¾”  or ASTM A490 

• Anchor Bolts: ASTM F1554, (¾” diameter or greater) 

• Corrosion stainless steel: ASTM A240 (freshwater) or ASTM A316 (saltwater) 

• Sheet Piles: ASTM A572, Grade 50         
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• Stainless Steel Embedded Anchors: ASTM A276, Type 316 or Unified Numbering System (UNS) 
S21800 

Components that would be exposed to the elements would be either hot-dipped galvanized or primed, 
painted and sealed with coats of (16 mils minute) epoxy, see  

Figure C3-3. Steel gates and steel sheet pile structures would be painted with an epoxy painting system. 

 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure C3-3: Schematic of Steel Gates and Steel Pile Structure  

5.6  Pile Foundation Design Criteria 

All forces applied to the primary concrete structures would be resisted by the pile foundation. The pump 
station and floodgate would be supported independently and are not designed to transmit load to any 
adjoining structure. Pile designs are based on a soil structure interactive analysis, with the pile supports 
input as springs in accordance with EM 1110-2-2906. Group effects would be applied as required. 

Piles could be steel pipe piles, steel H-piles, or square pre-stressed concrete piles. Pipe piles satisfy 
ASTM A252 with a minimum yield strength of 45 kilopound per square inch (ksi). H-piles satisfy ASTM 
A572, Grade 50. Steel piles are designed structurally per AISC ASD, 15th Edition, as modified by EM 
1110-2-2906. Concrete square piles require a design strength equal to 6,000 psi at 28 days. Pre-stressed 
concrete piles (hollow or solid) are designed to satisfy both strength and serviceability requirements. 
Strength design follows the basic criteria set forth by ACI, except the strength reduction factor is 0.7 for all 
failure modes and the load factor is 1.9 for both dead and live loads. The pre-stressed concrete pile is 
designed for an axial strength limited to 80 percent of pure axial strength and a minimum eccentricity 
equal to 10 percent of the pile width. Control of cracking is achieved by limiting the concrete compressive 
stress to 0.4f’c and the tensile stress to zero. Combined axial and bending are considered when analyzing 
the stresses in the piles. Loads, deflections and stresses are presented for each design case.  

5.7 Operation  

5.7.1 Flood Gate 

The flood gate would operate against the maximum 10 feet direct differential head and 4 feet reverse 
head. Both gate types, tainter and the alternative sluice, are suitable for operation against the Proposed 
Project differentials. The multiple sluice gates provide redundancy since if one gate does not function, the 
volume of flood waters entering the protected side would be reduced. The tainter gate is a more durable 
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gate and would reduce the risk of operation. This is supported by years of successful operation in USACE 
and Bureau of Reclamation civil works projects. Given the short warning of tidal storms, it is doubtful that 
a backup gate (emergency bulkhead) could be installed in advance of the fast approaching surge; none 
were included in the cost. The sluice gate, not a slide gate, would include rollers and guides that extend 
below water. The tainter gate would have all the moving parts above water, which would allow a 
continuous visual inspection, less maintenance, and easy access when maintenance is required. The 
tainter gate in particular could operate against a head and could be closed as the storm approaches. The 
tainter gate could also be opened against a reversed head. This capability would greatly reduce the 
duration that the adjacent pumps must be operated. The tainter and sluice gates could be stored above 
the water surface sufficiently to reduce corrosion. Both gate types can be monitored and operated 
remotely by the inclusion of a supervisory control and data acquisition (SCADA) system.  

The tainter gate design includes bulkhead recesses needed to dewater the gate bay for inspections and 
repair while the sluice gate alternative does not. Minor repairs to the sluice gate guides could be made 
with divers. A braced excavation would need to be installed around the alternative sluice gate structure 
should major underwater repairs be required. 

It is anticipated that the alternative all-steel sluice gate would need a full inspection and repair every 15 
years.  Recoating of the steel walls and sluice gates would be needed at each dewatering. The concrete 
structure and tainter gate would need to be dewatered for inspection every 20 to 25 years. Repairs are 
expected to be minor. The gates, regardless of type, would need to be exercised at least 3 times per year. 

5.7.2 Pump Station  

The vertical lift pumps are self-priming. Pumps would be be activated in advance of floodgate closures. 
Pumps could be automated, provided a manual override is available. The electric motors would work off 
available commercial power. A back up diesel generator would be included, as commercial power is not 
reliable in storm events. A trash rack would also be included on the intake side. It is recommended that a 
mechanical rake also be included in the design. The more economical mechanical trash rake would be 
sufficient. An enhancement would be the inclusion of a catenary driven rake or a hydraulic strut actuated 
rake.
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